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ABSTRACT 
Even though investigations of knowledge construction within CMC have been conducted (e.g. 
Gunawardena, Lowe and Anderson, 1997; Schellens & Valcke, 2004), no research has compared 
F2F communication and CMC in terms of the ability to solve complex tasks and to develop 
group cohesion. Group cohesion has been found to be vital for group cooperation and 
performance. Eight self-formed groups of 5 student participants each volunteered to participate 
in this study. Each group was required to solve two standardised, complex tasks in the same 
order. Student groups were randomly assigned to one of four medium combinations with two 
groups per combination. The combinations were: F2F communication for both tasks, CMC for 
both tasks, F2F communication for the first task and CMC for the second task, and CMC for the 
first task and F2F communication for the second task. Measures of knowledge construction were 
taken using the IAM (Gunawardena et al., 1997), group cohesion (assessed before and after the 
tasks) using the GAS (Evans & Jarvis, 1986), and a self-developed scale to assess satisfaction 
with the process and the outcome. The results showed that CMC groups produced significantly 
fewer contributions, and took a longer time to complete tasks, but there was no significant 
difference between the two mediums in terms of knowledge construction. The medium 
combination of F2F communication followed by CMC, achieved the least time to completion; 
the second most effective medium for knowledge construction, the greatest satisfaction with 
respect to group processes and the decision in the first task, and achieved a significantly higher 
level of post-manipulation group cohesion. 
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INTRODUCTION 
Modern organisations are increasingly employing the use of many different communication 
technologies (Rice, 1992; Yoo & Alavi, 2001). Modern industry has invested heavily in new 
forms of multimedia communication for their marketing, public relations, training and recruiting 
activities (Otondo, van Scotter, Allen & Palvia, 2008). These communication technologies, 
including computer-mediated conferencing and discussion (CMC), face-to face discussion, and 
video-conferencing (Tan, Wei, Sia & Raman, 1999), exert a crucial influence on performance 
and task outcomes (Yoo & Alavi, 2001). Subsequently, researchers and scholars have attempted 
to rigorously evaluate the use of these different communication technologies in terms of their 
affect on human users’ satisfaction and decision-making abilities, organisational performance, 
and many other variables pertinent to the success of organisations (Yoo & Alavi, 2001). Social 
presence theory (Short, Williams & Christie, 1976) and Media richness theory (Daft & Lengel, 
1986) have been used extensively in evaluating the use of different communication technologies. 
Work teams have become vital amongst modern organisations due to the increasing complexity 
of the business environment (Davis, 1992). It has become necessary for many organisational 
decisions to be made collectively, by work teams, rather than individually (Davis, 1992). A 
variable which has been deemed to be of high importance in the success of work teams within 
organisations is cohesiveness or group cohesion (Wheelan, 2005).  
Therefore, the purpose of this research project is to investigate the effect of two different types of 
discussion media [synchronous computer-mediated communication (CMC) and face-to-face 
discussion (F2F communication)], and pre-discussion group cohesion, on levels of post-
discussion group cohesion, content of discussions (knowledge construction and number of 
contributions), as well as satisfaction with group decisions and processes. As will be displayed in 
the literature review, much research has been conducted on the differences between F2F 
communication and CMC. However, no research can be found which has investigated the 
differences between F2F communication and CMC in terms of group cohesion and the possible 
implications thereof on knowledge construction. As a result, there are a number of different 
concepts to be reviewed within the literature. These concepts include CMC, F2F communication, 
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Social presence theory, Media richness theory, group cohesion, knowledge construction and 
number of contributions. 
 
LITERATURE REVIEW 
Media Richness theory 
Daft and Lengel (1986) investigated why organisations process information. They found two 
main answers, a) to reduce uncertainty, and b) to reduce equivocality or ambiguity. Uncertainty 
represents the “absence of information” (Daft & Lengel, 1986, p. 556) and Gailbrath (1977) 
defines the degree of uncertainty as the difference between the amount of information required in 
completing tasks and the amount of information already possessed by the organisation. 
Organisations in which uncertainty is high have to access large amounts of information to reduce 
that uncertainty (Daft & Lengel, 1986). Equivocality or ambiguity refers to the prevalence of a 
number of different and conflicting ideas about the same organisational situation (Daft & 
Macintosh, 1981). When equivocality is high; there are no definite right or wrong answers, 
individuals are not certain which questions to ask, and answers are not clear (March & Olson, 
1976). 
Daft and Lengel (1986) found that structural characteristics of organisations in terms of 
information systems differ in terms of their ability to convey various amounts and types of 
information, which is essential in reducing uncertainty and equivocality. When information 
systems have the capacity to carry large amounts of information, they can reduce uncertainty 
(Daft & Lengel, 1986). When information systems have the ability to stimulate debate, clarify 
confusion and resolve potential conflicts rather than just providing large amount of data, they can 
reduce equivocality (Daft & Lengel, 1986). As a result, information systems that possess the 
capability to reduce equivocality and uncertainty possess the ability to process rich information.  
“Information richness is defined as the ability of information to change understanding within a 
time interval” (Daft & Lengel, 1986, p. 560). When communication media facilitate the 
reduction of uncertainty and equivocality, as well as change understanding, in a timely fashion, 
they are considered rich (Daft & Lengel, 1986). When high equivocality and uncertainty exist, 
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communication media require more richness to address the problem (Takeda, 2007). Media 
Richness was therefore defined as: 
 The ability of information to change understanding within a time interval. 
Communication transactions that can overcome different frames of reference or clarify 
ambiguous issues to change understanding in a timely manner are considered rich. 
Communications that require a long time to enable understanding or that cannot 
overcome different perspectives are lower in richness. In a sense, richness pertains to the 
learning capacity of a communication (Daft & Lengel, 1986, p. 560) 
 
Daft and Lengel’s notion on Media Richness theory has gained wide acceptance due to the vast 
amount of studies which have been conducted upon it, and has “rapidly evolved to provide a 
theoretical basis for both IS [Information Systems] research on [,] and decision making about 
electronic communication media” (Ngwenyama & Lee, 1997, p. 147). According to Connell, 
Mendelsohn, Robins, and Canny (2001), media richness depends on four criteria, namely a) the 
immediacy of feedback of the medium, b) number of potential cues and channels available to the 
communication, c) the capacity for variations in language, and d) the amount of personal focus 
and attention afforded to the participant. Takeda (2007) further explained these four criteria; a) 
feedback refers to the time aspect of how quickly responses are made, b) multiple cues refers to 
the ability of the media to convey voice, tone of voice, and physical presence, c) language 
variety refers to the array of meanings which can be afforded as a result of the language symbols, 
and d) personal focus refers to how the media affords personal customisation according to the 
participant’s desires. Thus, the degree to which each of these four criteria exist within a 
communication medium (such as CMC or F2F communication), reveals the richness of the 
medium. 
Communication media have been arranged hierarchically based on their media richness (Connell 
e al., 2001). Face-to-Face (F2F) media are the richest, followed by video-conferencing, 
telephone, computer-mediated communication (CMC), addressed written communication, 
unaddressed written communication, and formal alpha-numeric text which has the lowest media 
richness (Connell et al., 2001). As the last three communication media are used very sparingly 
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within modern organisations, F2F communication and CMC have been compared extensively to 
investigate the effects of a rich medium (F2F communication) against a lean medium (CMC) as 
will be discussed further.  
CMC has become a very important and prevalent form of communication amongst organisations 
(Gunawardena, Lowe, and Anderson, 1997). CMC is now commonly used to facilitate 
communication amongst people via electronic text who may be dispersed, geographically, 
temporally, or both (Sheffield, 1989). Communication via CMC is increasingly important as it 
allows for learning and knowledge to be constructed, which was previously a quality only 
ascribed to F2F communication (Schellens & Valcke, 2004). CMC closes the divide between 
people from nations all over the world (Cairncross, 1997). New forms of collaborative work, 
study and community are provided for by CMC that reduce both time and distance barriers 
(Kanuka & Anderson, 1998). Communication about various constructs of work between people 
from a variety of locations was traditionally very difficult as it necessitated a specific conference 
venue and travel expenses. With the advent of online conferencing and discussion, not only can 
people communicate with others from any location, but costs are diminished (Thatcher, 2006). 
Some organisations indeed prefer communication through CMC rather than more traditional 
media (Takeda, 2007). However, research has found that CMC is perhaps not suitable for all 
forms of communication. Media richness theory has contributed in understanding the reasons for 
this. 
With reference to the four criteria predicting media richness, CMC results in “(1) the lack of 
immediate feedback, needed to correct errors in the transmission; (2) the filtering out of social 
cues; (3) the confinement to a single channel; (4) the lack of personalization; and (5) the 
reduction in language variety” (Ngwenyama & Lee, 1997, p. 149). As such, when comparing 
F2F communication, which is considered to have high levels of feedback, multiple cues, 
language variety, and personal focus, CMC is a much leaner medium (Daft & Lengel, 1986; 
Ngwenyama & Lee, 1997; Tan et al., 1999).  
In accordance with Daft and Lengel (1986), a rich medium is required to reduce uncertainty and 
equivocality when uncertainty and equivocality is high. As Chalfonte, Fish, and Kraut (1991) 
have stated, “Both theory and data suggest that the richer, more informal, and more interactive 
media should be better suited for handling the more complex, equivocal, and emotional aspects 
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of collaborative tasks” (p. 21).  Lean media, such as CMC, are less appropriate for resolving 
equivocal issues (Daft & Lengel, 1986). Otondo et al. (2008) state that if a medium’s richness is 
lower than that which is required for the task, some vital information cannot be transmitted 
therefore rendering the communication less effective. However, when equivocality is low, and 
well understood messages and standard data form the majority of the communication, lean media 
are effective (Daft & Lengel, 1986). Therefore, F2F communication and CMC seem to have 
different advantages and disadvantages with regards to communication. These advantages and 
disadvantages will now be discussed in greater detail. 
Firstly, the advantages and disadvantages of F2F communication will be discussed. F2F 
communication discussion has the ability for multiple cues in the form of verbal tone, body 
language, facial expression, appearance and dress, and the effects of the setting, which enrich 
this communication media (Otondo et al., 2008). These multiple cues also convey important 
information about credibility, power, status and emotions of all participants involved, which is 
not as easily transferred in CMC (Otondo et al., 2008). F2F communication possesses the ability 
for conveying greater immediacy of feedback via visual and verbal cues (Sia, Tan, & Wei, 
2002). Message content can also be expressed in natural language when utilising F2F 
communication (Daft & Lengel, 1986). Gould (1978) as cited in Chalfonte et al. (1991) notes 
that the translation of thoughts into speech is faster than into writing, and this task is less 
cognitively demanding (Kroll, 1978). Therefore, there is no doubt that F2F communication 
constitutes a rich media. There is also a vast amount of research which states that F2F 
communication affords more social presence than CMC, but social presence will be discussed 
extensively at a later stage in the literature review. However, F2F communication has 
disadvantages in which the media may be too rich for some tasks. The primary disadvantage of 
F2F discussion occurs when organisational tasks do not possess high levels of uncertainty or 
equivocality, but are indeed simple and standard (Otondo et al., 2008). These simple and 
standard tasks require only a lean communication media (such as CMC) for tasks to be 
completed efficiently, and the presence of a rich media results in information overload (Otondo 
et al., 2008). Information overload occurs when the multiplicity of cues are unnecessary in 
completion of the task and indeed serve to distract individuals from the task at hand, rather than 
stimulate necessary debate (Otondo et al., 2008; Tan et al., 1999).  
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Thus, what is the disadvantage of F2F communication in terms of information overload may 
indeed be an advantage for CMC. Apart from its natural advantage that it facilitates 
communication between people that are temporally and geographically dispersed, CMC does not 
normally provide information overload (Tan et al., 1999). Therefore, CMC may be highly 
effective in completing tasks when only a lean medium is necessary, i.e. tasks low in 
equivocality and uncertainty. In terms of disadvantages of CMC, it has been found to be less 
appropriate for socio-emotional tasks which are unanalysable (such as negotiation), whilst more 
appropriate for socio-emotional tasks which are more easily analyzed (when merely exchanging 
information is enough to reach a decision) (Rice, 1992). Naturally, the four criteria of media 
richness (immediacy/feedback, multiple cues, language variety, and personal focus) are found in 
impoverished amounts within CMC, and as such may prove to be a disadvantage when a rich 
medium is required. These advantages and disadvantages of F2F communication and CMC lead 
to a central tenet of Media Richness theory, “task-medium fit”. 
According to Short et al. (1976), different task types require different media of communication to 
effectively solve them. Moreover, different communication media may be used to solve any task, 
but the effectiveness and performance in the completion of those tasks may be different (Short et 
al., 1976). Thus, when a communication medium is unsuited to the task which is required to be 
solved, performance and task outcomes may suffer. For example, if a negotiation about which 
departments of a large organisation need greater staffing and monetary resources than other 
departments occurs, we can safely say that the negotiation would be complex, equivocal and 
uncertain. Rice (1992) who discusses the differences between analysable and unanalysable tasks 
backs up this assertion by stating that tasks where predetermined solutions or standard 
unchallenged procedures are not possible can be termed ‘unanalysable’. As a result, 
“Unanalyzable tasks require individuals to think about, create, or find satisfactory solutions to 
problems outside of the domains or facts, rules, or procedures. Individuals working in 
unanalyzable task environments cannot rely on more information, procedures, or predictability of 
the outcome to guide their actions” (Rice, 1992, p.479). Simon (1965) as cited in Rice (1992) 
states that decisions arising in response to unanalysable tasks cannot be sufficiently 
communicated by text and numbers alone; but require deeper interpersonal interaction and social 
cues. Unanalysable tasks possess greater levels of equivocality than analysable tasks (Daft & 
Macintosh, 1981). Equivocal information requires media which conveys multiple cues, rapid 
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feedback and joint construction of meaning (Gladstein, 1984; Rice, 1992). Thus, due to the 
ability of F2F communication in satisfying deeper interpersonal interaction as well as social 
cues, people are more likely to select F2F communication for complex, unanalysable tasks. 
However, it is also possible for the medium to be too rich for the task (Tan et al., 1999). For 
example, when F2F communication is used for a routine, analysable task, group members may 
become distracted and engage in surplus communication not essentially required to complete the 
task (Tan et al., 1999). The group may still quite effectively be able to complete the task. 
However, efficiency of the process may suffer (Tan et al., 1999). In summary of the task-
medium fit, Rice (1992) states 
 Information-lean media should match the requirements of analyzable tasks, and 
information-rich media should match the requirements of unanalyzable tasks, thereby 
leading to improved performance. Using information-lean media for unanalyzable tasks 
would not satisfy the task demands (social and symbolic cues, feedback, interpretability); 
using information-rich media for analyzable tasks would involve unnecessary costs 
(socializing, interpretation, and situational constraints). (p. 479). 
To this point, Media Richness theory and its central tenets has been reviewed. In addition, 
support for these tenets has been provided. However, research has also uncovered conflicting 
evidence with regards to the assertions of Media Richness theory (e.g. Connell et al., 2001; 
Ngwenyama & Lee, 1997; Otondo et al., 2008; Tan et al., 1999; Walther, 1992). 
Walther (1992) has found that the single rich-lean communication medium ranking (CMC is lean 
– F2F communication is rich) asserted by the Media Richness theory is not always truthful and 
representative of the reality of media richness. Walther (1992; 1996) has discovered that as 
people become familiarised and accustomed to how a particular communication technology 
works, and as they use it to communicate more frequently with others, the perceived media 
richness of that technology increases. Therefore, if people use CMC frequently, they begin to use 
other ways of transferring cues, emotions, and presence, which raises the perceived media 
richness of the communication medium (Walther 1992; 1996). Dennis and Kinney (1998) state 
that most research has concentrated on perceptions of media richness rather than actual 
performance. Otondo et al. (2008) found that a particular medium of communication was 
associated more strongly with satisfaction and affective motivations towards the medium rather 
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than the information processing capabilities of the medium. Connell et al. (2001) found that 
people chose different media of communication for different tasks, with those choices sometimes 
being different to that prescribed by Media Richness theory. For example, people chose F2F 
communication for people-oriented tasks, such as performance feedback, impression 
management and socialising, whilst CMC was chosen for task-oriented tasks such as planning, 
problem-solving and information exchange (Connell et al., 2001). Markus (1994) also found that 
people have preferences for certain media of communication, and that people may use certain 
communication technologies for different purposes. For example, people use CMC when they 
prefer to not make personal contact with another person (Markus, 1994). Lee (1994) found that 
the e-mail communication of managers was still rich despite e-mail’s lean characteristics. As a 
result, there has been a call for further refinements of Media Richness theory to account for these 
contradictions (Tan et al., 1999). 
Kahai, Carroll and Jestice (2007) state that Media Richness theory was formulated prior to the 
expansion and widespread usage of CMC within organisations. As a result, Media Richness 
theory’s validity to CMC has been widely criticised (Kahai et al., 2007). According to Kahai et 
al. (2007), two popular, but under researched, extensions of Media Richness theory are Media 
Synchronicity theory (Dennis & Valacich, 1999) and Channel Expansion theory (Carlson & 
Zmud, 1999). These two theories are relatively new, and as a result, their basic propositions have 
not been thoroughly examined (Kahai et al., 2007).  
Dennis and Valacich’s (1999) Media Synchronicity theory subsumes and replaces the central 
propositions of Media Richness theory with the following; a) immediacy of feedback, b) variety 
of information communication techniques, c) the ability to practice and edit a response before 
transmission, d) the ability to replay and refer back to previous parts of the communication, e) 
the ability for multiple conversations to be occurring simultaneously (parallelism). A different 
level of each of these five propositions within a particular communication medium makes it more 
or less suitable to the task at hand. When the task involves exchanging information and 
deliberation on the meaning, then the communication medium requires low immediacy and high 
parallelism. When the task involves the construction of new knowledge and shared meaning, 
then the communication medium requires high immediacy and low parallelism (Dennis & 
Valacich, 1999). 
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Carlson and Zmud’s (1999) Channel Expansion theory extends Media Richness theory. Carlson 
and Zmud (1999) propose that communicators’ experiences with, a) the communication medium, 
b) the other communicators, c) organisational climate and culture, and d) the topic of the 
communication can all interact to result in perceived higher media richness. Thus, participants’ 
experiences with a particular communication medium and the people involved in the 
communication interact to affect perceived levels of media richness (Carlson & Zmud, 1999). 
Even though these theories show promising intent to better explanations behind media richness, 
they need more empirical investigation before they can alter or replace Media Richness theory 
(Kahai et al., 2007). 
According to Zhang and Ge (2006), Media Richness theory and Social Presence theory are 
rational theories that have been widely accepted in explaining choice of communication media 
and behaviours associated with these media. Social Presence theory will therefore be discussed 
to expand understanding with regards to CMC and F2F communication.  
Social Presence theory 
Short, Williams and Christie (1976), the pioneers of Social Presence theory, defined it as “the 
degree of salience of the other person in the interaction and the consequent salience of the 
interpersonal relationships” (p. 65). They postulated that Social Presence is a critical factor of a 
communication medium, and it has been indeed recognised as an important theory in explaining 
the effects of communication media (Wong & Lai, 2005). Gunawardena and Zittle (1997), in 
interpreting the definition of Short et al. (1976), state that Social Presence is the degree to which 
a person is perceived as “real” within a particular communication channel. Sia et al. (2002) 
purport that settings which are high in social presence encourage the treatment of others involved 
in the interaction as human beings with feelings rather than inanimate objects which can easily 
be ignored. Short et al. (1976) postulated that Social Presence is inherent to a particular medium, 
and different media vary in the degree of Social Presence conveyed. They rationalised this by 
stating that each medium has a capacity to transmit information regarding facial expression, body 
language, non-verbal cues, appearance, and direction of gaze.  
However, much research has found that Social Presence is a combination of both objective 
characteristics about the communication media, as hypothesised by Short et al. (1976), and 
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subjective characteristics of the people involved in the communication (Gunawardena & Zittle, 
1997; Swan & Shih, 2005). Biocca, Burgoon, Harms, and Stoner (2001), support this in stating 
that “They [Short et al., 1976] considered social presence to be a unidimensional quality of the 
medium and not the interaction of individual differences, task, and environmental context” (p. 
12). Even communication media that are deemed to be of low social presence can be perceived 
to become “richer” as participants become more familiar and accustomed to it (Walther, 1992), 
especially within the group or team setting (Yoo & Alavi, 2001). As participants communicate 
more frequently with one another via a particular communication medium, social presence is 
incrementally constructed and subsequently raised (Walther, 1992). Individual differences may 
also account for which communication media people choose to communicate through, rather 
than the amount of objective social presence that it carries (Yoo & Alavi, 2001). Thus, there is 
both an objective and subjective aspect to Social Presence theory. In terms of objective facts, and 
differences between F2F communication and CMC in levels of social presence, much research 
has been conducted and will be discussed.  
F2F communication is considered to be high in social presence, whilst CMC is considered to be 
considerably lower in social presence. This is illustrated succinctly by Gunawardena and Zittle 
(1997) who state that “CMC, with its lack of nonverbal communication cues is said to be 
extremely low in social presence in comparison to face-to-face communication” (p. 10). Prior to 
comparing F2F communication and CMC with regards to Social Presence, the constructs 
underlying Social Presence need to be explored so as to understand the differences between these 
two communication media. According to Rettie (2003), social presence is comprised of two main 
concepts, “immediacy” (Wiener and Mehrabian, 1968) and “intimacy” (Argyle and Dean, 1965). 
Immediacy refers to the closeness of psychological distance between the participants (Rettie, 
2003). Behaviours which express immediacy involve those such as facial expressions, body 
language, nodding, and smiling, “enhance closeness to and nonverbal interaction with one 
another” (Weiner & Mehrabian, 1968, p. 213). Intimacy refers to the verbal and non-verbal 
behaviour which affects interpersonal interactions, and is subconsciously maintained at 
equilibrium by the participants of the interaction (Argyle & Dean, 1965). Thus, it can be seen 
that psychological distance, communication behaviours in verbal and non-verbal form, and 
perceived closeness of the other participants within an interaction all contribute to social 
presence.  
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In explaining the differences in social presence between F2F communication and CMC, it is 
useful to look at communication cues which are exchanged within discussions which alter the 
level of social presence (Sia et al., 2002). The three main forms of communication cues are 
verbal, visual, and textual (McGrath, 1984).  Verbal cues refer to how information is conveyed 
vocally including tone, pitch, volume, and rate of speech. Visual cues involve how information is 
conveyed non-vocally such as body language and facial expressions. Textual cues involve the 
transfer of information through typed, written, and printed text and graphics (McGrath, 1984). 
Traditional F2F communication typically consists of verbal and visual cues whilst CMC consists 
of textual cues only (Sia et al., 2002). Communication cues which are able to convey 
“immediacy” of others, a critical factor of social presence which has been discussed, are those 
which enable higher levels of social presence (Sia et al., 2002). Verbal and visual cues are better 
at conveying immediacy, and therefore enable higher levels of social presence (Sia et al., 2002). 
Textual cues are not as effective at conveying immediacy, and therefore afford lower levels of 
social presence (Poole & Jackson, 1993). Therefore, from the communication cues perspective, 
CMC should possess lower levels of social presence as compared to F2F communication.  
Numerous studies have confirmed that F2F communication is objectively higher in social 
presence than CMC (Swan & Shih, 2005). For example, Rice (1993) found that the transmission 
of verbal and non-verbal cues, as well as the environmental context (as found in F2F 
communication) afford higher levels of social presence. Sproull and Keisler (1986) found that 
the reason for greater social presence within F2F communication over CMC was the absence of 
social context cues in the latter. A recent study (Wong & Lai, 2005) found that even with 
considerable technological advancement, CMC still possesses lower social presence than 
traditional F2F communication. However, conflicting results have been found with regards to 
F2F communication always possessing higher levels of social presence and CMC possessing low 
levels of social presence. 
Walther (1994) found evidence that “experienced CMC users rated text-based media, including 
e-mail and computer conferencing, ‘as rich or richer’ than telephone conversations and face-to-
face conversations” (p. 18). Angeli, Bonk and Hara (1998) found that 27% of the entire content 
of a computer-mediated educational course consisted of socially loaded communication. Kanuka 
and Anderson (1998) found significantly higher levels of social interchange over task-related 
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interchange within a professional online conference. Therefore, it does not seem that CMC is 
always perceived as low, and/or lower, than F2F communication in levels of social presence. 
Even though theory states that objectively, social presence should be lower in lean 
communication media such as CMC, it seems from the reviewed studies that subjective 
characteristics of social presence impact most vitally on the actual experience of social presence. 
Subjective characteristics of social presence include; participants’ preference for a particular 
communication medium; participants’ becoming familiar with and accustomed to a particular 
medium; and participant’s making up for the lack of objective social presence by including social 
aspects (emoticons and off-the-topic discussions) so as to intentionally manipulate the level of 
experienced social presence to their liking (Polhemus, Shih, & Swan, 2001; Swan & Shih, 2005; 
Walther, 1996). 
It has been illustrated that both objective and subjective characteristics of CMC and F2F 
communication influence the perceived social presence of the communication medium. This has 
implications for the effectiveness of a particular medium in general discussion, problem-solving, 
and decision making (Polhemus et al., 2001). According to Swan (2005), a high social presence 
medium (including when CMC possesses high social presence) results in high satisfaction with 
the communication, greater levels of interaction, and greater opportunities for learning. These 
greater levels of interaction are essential for effective group decision-making and problem 
solving (Roberts et al., 2006). When a group task requires intersubjective interpretation, that is, 
group members sharing their personal views with one another so as to understand one another’s 
point of view in order to come to a consensus, “low social presence can decrease group member 
performance by allowing specific comments or information to be ignored completely or at least 
not be used in a timely manner” (Roberts et al., 2006, p. 31). Roberts et al. (2006) found in their 
study that the groups involved in dispersed CMC discussion suffered from lower levels of social 
presence and also produced the lowest quality of group discussion and group work. Richardson 
and Swan (2003) also found a strong positive correlation (0.83) between students’ perceived 
social presence and their perceived learning. 
As for Media Richness theory, Wong and Lai (2005) proposed a task-medium fit with respect to 
Social Presence theory. People seem to forecast the levels of social presence which will be 
required in solving a particular task, and then choose a communication medium based on that 
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prediction (Wong & Lai, 2005). As such, tasks which are highly interpersonal and subjective, 
require high social presence (such as F2F communication), whilst for tasks involving the 
exchange of objective information, media involving low social presence are suitable (CMC) 
(Wong & Lai, 2005). However, as for Media Richness theory, conflicting evidences have been 
found. 
Valacich, Dennis, and Connolly (1994a) as well as Valacich, George, Nunamaker, and Vogel 
(1994b) found that the lowered social presence environment of CMC produced more quality 
discussion and unique ideas as opposed to the higher social presence F2F communication. This 
was attributed to the fact that the participants felt more uninhibited about their remarks due to 
lower opportunities for retribution from the other group members (Valacich et al., 1994b). Sia et 
al. (2002) and Connell et al. (2001) replicated the findings of Valacich and associates, but Sia et 
al. (2002) added that lowered social presence also increased group polarisation.  
In summary, higher levels of social presence are generally afforded to F2F communication, 
which allows for greater interaction and more effective group decision-making. In addition, 
group members are generally more satisfied with F2F communication when complex, personal 
and subjective tasks need to be completed. The generally lower levels of social presence afforded 
to CMC make it more suitable and satisfactory when simple information is being exchanged. 
However, it has been shown that levels of social presence in CMC can be raised when group 
members have formed close relationships with one another, and/or they intentionally use 
language and symbols, e.g. emoticons, to express themselves more personally. In order to 
tangibly measure the level of social presence present within a communication medium, many 
researchers have designed social presence measurement tools.  
 
Measurement of social presence 
Numerous researchers (e.g. Gunawardena & Zittle, 1997; Polhemus et al., 2001; Richardson & 
Swan, 2003; Rourke, Anderson, Garrison, & Archer, 1999) have devised measures of social 
presence which attempt to quantitatively describe the amount of social presence found within a 
particular discussion medium. Due to increasing development in technological systems which 
facilitate communication, and increased understanding of social factors of discussion, there 
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exists a compelling need for an adequate measure of social presence (Biocca & Harms, 2002). 
Biocca et al. (2001) state that “while various measures have been proposed, there is as yet no 
widely accepted measure of social presence” (p. 7). Biocca and colleagues have recently stated 
that using any of the existing measures of social presence does not adequately and accurately 
capture social presence of a communication medium. Subsequently, Biocca and colleagues have 
attempted to devise a reliable and valid measure of social presence, which encompasses both 
objective and subjective characteristics of social presence entitled the “Networked Minds 
Measure of Social Presence” (Biocca & Harms, 2002). However, even though promising results 
have been attained with this measure, the instrument is still being validated at this current stage 
which makes it unavailable to use (Biocca & Harms, 2002). As a result, it will not be attempted 
to quantitatively capture the amount of social presence within the communication media of this 
study. It will rather be inferred, due to research and literature, that social presence is normally 
higher within F2F communication than CMC even though some conflicting evidence exists. 
Content of communication in the current study will however be analysed in terms of the amount 
of knowledge constructed. The Knowledge Construction section will discuss the reasons for 
assessing for levels of knowledge constructed within the two discussion mediums, and the 
implications of knowledge construction.  
In review of Media Richness theory and Social Presence theory, clear conceptual links can be 
seen, and have been acknowledged by a number of researchers including; Connell et al. (2001); 
Havard et al. (2008); Rice (1992); Roberts et al. (2006); Wong and Lai (2005); Yoo and Alavi 
(2001). Havard et al. (2008) found that F2F communication, which is both “rich” according to 
Media Richness theory and constitutes high levels of social presence, according to Social 
Presence theory, was the most suitable communication medium for building group cohesion, 
addressing emotional issues, and problem-solving. Rice (1992) states that using the 
considerations of both Media Richness theory and Social Presence theory, it can be understood 
that CMC is not as suitable for emotional, social and complex tasks as F2F communication. 
Roberts et al. (2006) suggests that a direct relationship between media richness and social 
presence as a medium which provides little communication support is unlikely to afford support 
for the salience of others in the discussion. Yoo and Alavi (2001) illustrate the task-medium fit 
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as congruent for both Media Richness theory and Social Presence theory in the following 
statement: 
Both social presence theory and media richness theory argue that rich media or media 
with a high degree of social presence are better suited to ambiguous and equivocal tasks 
that require resolution of different views and opinions among people. Conversely, lean 
media are better for uncertain tasks that require the quick transmission of information and 
facts. (p. 373). 
Thus, the implications of both Media Richness theory as well as Social Presence theory are both 
very similar with regards to communication media. Specifically, according to these theories F2F 
communication is both ‘richer’ and affords more social presence as opposed to CMC, which 
makes F2F communication more suitable for complex, equivocal, emotional and subjective 
tasks.  As a result of these differences, interactions between participants may differ according to 
the communication medium (Gunawardena et al. 1997). Differential interactions may have an 
impact on a number of important outcome variables, such as knowledge construction 
(Gunawardena et al. 1997), and group cohesion (Havard, 2008). Therefore, knowledge 
construction and group cohesion with respect to both F2F communication and CMC research 
will now be discussed. 
 
Knowledge construction 
Social constructivists (such as Ernest, 1995; Rogoff, 1990; and Vygotsky, 1978, 1986 as cited in 
Wang, 2001) believe that knowledge is acquired through the shared interaction and joint activity 
of a number of people in discourse. Knowledge is not necessarily a one-way flow of information 
from a set of ‘experts’ to a set of ‘novices’, but is constructed in individual minds depending on 
personal and unique experiences (Saritas, 2006). Saritas (2006) states that knowledge is acquired 
through “a process of continuous construction through a cumulative set of interactions in 
authentic and meaningful contexts” (p.11). Gunawardena et al. (1997) state that the social 
interaction which occurs amongst people in discussion with one another results in a collaborative 
construction of knowledge, in which all participating parties contribute to a shared knowledge 
base. Pea (1993) agrees with these authors by stating that “Knowledge is commonly socially 
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constructed, through collaborative efforts towards shared objectives or by dialogues and 
challenges brought about by differences in persons’ perspectives” (p. 48). Thus, in the current 
study, knowledge construction will be assessed from a social constructionism paradigm.  
Within a computer-mediated environment, according to the constructivist perspective, 
participants engage in interaction with one another to reach a new understanding of meaning 
(Gunawardena et al., 1997). Subsequently, the interaction that takes place between participants 
of a CMC defines the level of knowledge constructed (Gunawardena et al., 1997).  
Individual responses can contribute to the formation of a pattern. The process by which 
the contributions are fitted together is interaction, broadly understood, and the pattern 
which emerges at the end, when the entire gestalt of accumulated interaction is viewed, is 
the newly-created knowledge or meaning. Interaction is the essential process of putting 
together the pieces in the co-creation of knowledge (Gunawardena et al., 1997, p. 411) 
Thus, it can be seen that the success of knowledge construction depends on interaction, and 
higher levels of interaction should be associated with higher levels of knowledge construction. 
By assessing knowledge construction present within a discussion, the assessment of the quality 
of interactions and quality of the learning experience can be realised (Gunawardena et al., 1997). 
According to Wang (2001), many researchers have realised that studying knowledge 
construction and interaction of a group of participants, especially within a CMC environment, 
contributes most vitally to the argument of whether CMC is an effective medium for the creation 
of knowledge. The creation and sharing of new knowledge is particularly vital to the current 
society of workers and scholars (Saritas, 2006). With the rapid advancement of information and 
communication technologies, professions have developed along the lines of new knowledge and 
information demands to deal with the increasing complexities of the work environment, rather 
than physical demands and routinised activities which are increasingly carried out by automated 
machinery (Saritas, 2006). Thus, the importance of assessing for levels of knowledge 
construction present within different communication technologies employed in organisations is 
stressed (e.g. F2F communication and CMC).  
Due to the ability of both F2F communication and CMC to support interaction and 
communication, knowledge may be constructed in both media. However, the media afford 
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differential opportunities for the level of knowledge constructed, as will now be discussed. 
Saritas (2006) states that advancements in information technology have facilitated the 
development of knowledge construction through virtual mediums, such as CMC. CMC allows 
for intense interactive discussions where complex issues can be dealt with from multiple points 
of view (Saritas, 2006). Indeed, Huntley and Thatcher (2008) found in their content analysis of 
online discussions within an online ergonomics conference that relatively high levels of 
knowledge construction did exist. However, according to Social presence theory, due to the 
inherently higher levels of quality interaction afforded by F2F communication, greater levels of 
knowledge construction should be created within this medium as opposed to CMC (Polhemus, 
2001). If the social presence within a CMC discussion is heightened with the use of affective, 
social language and emoticons, then it may too encourage greater levels of knowledge 
construction (Polhemus, 2001). However, Huntley and Thatcher (2008) found no significant 
relationship between social aspects and knowledge construction. Richardson (2003) found a 
significant and positive relationship between students’ perceptions of social presence and their 
perception of learning, and even though learning and knowledge construction are not 
synonymous, a definite relationship exists between the two in that greater knowledge 
construction leads to greater learning (Gunawardena et al, 1997). Swan (2005) investigated a 
number of online discussions, and found that amongst the online discussions with higher levels 
of social presence, higher levels of satisfaction; higher levels of interaction; and higher levels of 
learning existed. “The high social presence students used far more statements of value” (Swan, 
2005, p. 130), providing greater empirical evidence that greater levels of social presence resulted 
in greater knowledge construction.  
Rice (1992) in using Media Richness theory, argues that due to the richer dimensions of F2F 
communication, it carries the greater potential for knowledge construction. When tasks are 
equivocal, uncertain and complex, greater levels of knowledge construction are required to 
examine and solve the task (Rice, 1992). Thus, F2F communication should result in greater 
levels of knowledge construction, and thus possess a greater ability to solve complex, 
unanalyzable tasks. In addition, Gould (1978) as cited in Chalfonte et al. (1991) states that 
thoughts are translated more rapidly into speech than into textual format, and that the translation 
into speech is less cognitively demanding. Thus, possibly giving an indication that comparatively 
less time will be taken to problem-solve and to reach group consensus with regards to a 
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particular task within a F2F communication condition as opposed to a CMC condition. Complex 
tasks also require high levels of group cooperation, interdependence and interactivity (Man & 
Lam, 2003). Thus, relatively high levels of group cohesion would be required to solve complex 
tasks effectively (Man & Lam, 2003). 
As discussed earlier, evidence exists for when greater knowledge construction was created 
within a CMC discussion as opposed to F2F communication due to lower levels of social 
presence due to decreased fear of retribution and the uninhibition of remarks (Valacich and 
associates, 1994). Connell et al. (2001) elaborate upon this with reference to media richness. 
(1) With fewer incoming social cues, public self-awareness and the tendency to regulate 
one’s own behavior are reduced, and (2) with fewer outgoing social cues, a person’s 
ability to control how his/her behavior comes across to other is reduced… Less rich 
media allow people to express themselves with less inhibition. (p. 119) 
In summary, the majority of empirical evidence points towards the fact that media constituting 
greater social presence and media richness result in greater opportunities for quality interaction 
and thus, knowledge construction. However, some conflicting evidence has been found that 
CMC coupled with lower degrees of social presence and media richness lead to greater levels of 
knowledge construction due to less inhibition and fear of retribution. The current study may 
address these concerns further and possibly strengthen one side of the argument. 
The communication technologies to be researched in the current study (F2F communication and 
CMC) have been discussed extensively in relation to the theories which impact them 
significantly (Media Richness theory and Social Presence theory). A factor which impacts the 
functioning and effectiveness of individuals functioning in a group setting is ‘Group Cohesion’ 
(Wheelan, 2005). The functioning of a group is important to its communication processes, and 
group cohesion has been found to be a critical variable impacting group processes (Wheelan, 
2005), with some authors arguing it as the most important small group variable (Lott & Lott, 
1965). Thus, group cohesion will be discussed so as to assess its potential impact upon groups 
within different communication settings (F2F communication and CMC). 
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Group cohesion 
Festinger (1950) pioneered the construct of group cohesion, otherwise known as group 
cohesiveness as early as 1950. For over 50 years, this construct had been researched widely, and 
has been shown to have multiple implications for sports teams, military units, therapy groups, 
and organisational work teams (Man & Lam, 2003). Festinger (1950) defined group cohesion as 
“the resultant of all forces acting on members to remain in the group” (p.274) and further 
explains that those forces are dependant on the level of attraction to a number of factors, namely; 
prestige of the group, members within the group, and activities pursued by the group. According 
to Man and Lam (2003), group cohesion is easily understood as when a group ‘sticks together’ 
and members feel bonded to one another. When group cohesion exists, members display an 
affinity for each other and desire to participate within the group (Williams, Duray, & Reddy, 
2006). Multiple models and definitions for group cohesion exist (Glass & Benshoff, 2002). Even 
so, all definitions and models share a common underpinning, being that they all focus on the 
forces and processes occurring within a group which cause members to seek to remain in that 
group rather than leave it (Man & Lam, 2003). Research has uncovered many effects of group 
cohesion, and other processes which impact upon group cohesion (Dobbins & Zaccaro, 1986; 
Williams et al., 2006). This will be discussed extensively, but first, for group cohesion to exist, 
the group or team needs to exist. Thus, work teams and groups will first be discussed. 
Current organisations’ are increasingly employing work groups and teams to achieve objectives 
(Guzzo & Dickson, 1996). According to Man and Lam (2003), groups working together have 
advantages over individuals working alone. These strengths include the combination of strengths 
derived from each member, pooling of resources (knowledge, experience, and time amongst 
others), and differences in opinion between members that stimulate creativity (Man & Lam, 
2003). Guzzo and Dickson (1996) state that clear evidence exists for the effects of positive group 
processes on organisational decision-making and performance. Work groups are of particular 
interest due to their critical importance in overall organisational functioning, and have been 
termed “the life units within organizations” (Rapisarda, 2002, p. 3). Therefore, work groups are 
important within the organisational context, and successful group processes depend on the 
members of those groups and the way in which trust and cohesion is built within that group 
(Williams et al., 2006) 
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Cartwright and Zander (1968) as cited in Evans and Dion (1991) state that members of cohesive 
groups are motivated to ensure the survival and success of the group, and therefore seek to 
advance the group’s status by participating wholly. Therefore, Evans and Dion (1991) sought to 
investigate the relationship between group cohesion and group performance in the form of a 
meta-analysis. After 317 studies relating group cohesion to performance were found, the strict 
inclusion criteria decided upon by Evans and Dion (1991) resulted in the meta-analysis of 16 
studies ranging in date from 1952 to 1988. Evans and Dion reported that after they corrected the 
correlation coefficients of the studies (as if both cohesion and performance had perfect 
reliability), the corrected mean correlation was moderately strong and positive (r = 0.42). 
Therefore, their findings suggested that “the relationship between group cohesion and 
performance is both stable and positive” (Evans & Dion, 1991, p. 180).  
Other consequences of group cohesion include; a larger amount of quality interaction, the ability 
of the group to have a stronger influence over its members, more interest and action taken with 
respect to the group’s status quo, lowered intentions to leave the group, and greater feelings of 
self-efficacy and self-esteem (Cartwright, 1968; McGrath, 1984; Shaw, 1981). Wheelan (2005) 
reports that high levels of group cohesion facilitate greater satisfaction amongst its members and 
initiate greater levels of cooperation. Janis (1982) states that members of cohesive groups are 
motivated to cooperate with one another and carry out group tasks. The development and 
enforcement of group norms is also better amongst cohesive groups (Locke, Latham & Erez, 
1988). Wheelan (1999) reports that satisfaction with regards to the manner in which the group 
communicates during the completion of group tasks is a vital factor in determining a number of 
important outcomes. Increased satisfaction is not only associated with increased group cohesion, 
but may also have an impact on the willingness of group members to contribute more 
quantitatively and qualitatively, thus impacting upon knowledge construction (Wheelan, 1999). 
 Xie and Johns (2000) examined the interaction of absence culture salience – pervasive 
assumptions of employees that absence from work is unproblematic - and group cohesion on 
absenteeism. They found that when group cohesion was weak, absenteeism rates were higher, 
and that coupled with a salient culture which accepts absenteeism, this effect was enlarged. Thus, 
high levels of group cohesion have numerous positive effects for overall group functioning in 
terms of performance, attraction, satisfaction, conformity, participation, and commitment, 
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amongst others. Groups not benefitting from the positive effects of cohesion may indeed engage 
in more absenteeism, which is very costly to the organisation (Wheelan, 2005). However, when 
group cohesion levels are high, this does not necessarily always result in improved effectiveness 
of the group, and in some instances, group cohesion may be too high for group effectiveness. 
Rapisarda (2002) states that even though a group may be cohesive, members may merely enjoy 
each other’s companies and not be focussed on the task at hand, therefore impacting negatively 
on the group’s organisational effectiveness. This illustrates the need for groups to be both 
cohesive, and possessing positive and task-oriented norms (Man & Lam, 2003). Wheelan (2005) 
and Evans and Dion (1991) state that an optimal level of cohesion exists for a group to be 
effective, and very high cohesion levels are sometimes associated with poorer performance. 
Wheelan (2005) attributes this to Janis’s (1982) concept of ‘Groupthink’. This concept purports 
that members of a highly cohesive group have a desire to remain completely unified by 
collaborating with one another in such a way that only one way of thinking emerges and 
differences in opinion and thought processes are quelled (Wheelan, 2005). As a result, the very 
positive elements which emerge from effective group processes decrease or disappear 
completely (Wheelan, 2005). Research on group cohesion, including what has already been 
discussed, has mainly been conducted on groups’ meeting face-to-face rather than in a computer-
mediated environment. Group cohesion within CMC environments has been not been researched 
as substantially as F2F communication. However, it is important to discuss some of the findings 
with regards to group cohesion and CMC environments.  
CMC has enabled the “virtual team” to become a reality amongst organisations today, and 
technological developments have afforded the opportunity for virtual teams to collaborate 
effectively via CMC (Fouss & Chang, 2000). The ability for teams to be effective via CMC is 
achieved through modern distance education technologies (such as computer conferencing) being 
able to facilitate effective communication and cooperation (Yoo, Kanawattanachai, & Citurs, 
2002). Thus, it seems that due to CMC possessing the ability to enable communication, 
collaboration, and cooperation amongst members of a virtual team, group cohesion may well be 
developed amongst virtual teams as well as face-to-face teams. According to Powell, Piccoli, and 
Ives (2004), factors such as global competition and responding rapidly to customers’ desires are 
requiring organisations to adopt effective Information Technology. In addition, the presence of 
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virtual teams which collaborate well with one another and can effectively use the IT is essential 
(Powell et al. 2004). Kahai et al. (2007) state that the collaboration amongst virtual team 
members has been mostly facilitated through CMC media due to its convenience, accessibility 
and cost. Thus, virtual teams must be able to effectively collaborate and interact with one 
another, and CMC is being utilised extensively amongst these virtual teams to achieve their ends. 
Therefore, it is important to investigate the effects of group cohesion on virtual team 
performance, and the effect of virtual team processes on levels of group cohesion. Man and Lam 
(2003) state that greater group cohesion is developed through the completion of complex tasks 
requiring great interaction, coordination and interdependence amongst team members.  
As has been reported earlier, according to Media richness theory and Social presence theory, 
media that are ‘richer’ and enable more social presence to be conveyed generally provide greater 
levels of interaction, coordination, and interdependence amongst team members. In addition, 
these richer media are better suited to tackling complex tasks. As a result, it seems therefore that 
due to F2F communication being a richer medium than CMC, F2F communication should afford 
the ability for greater levels of group cohesion to be developed than within CMC. According to 
Salisbury, Carte, and Chidambaram (2006), the way in which a team communicates is vital to 
developing group cohesion. As F2F communication allows for a greater exchange of symbols, 
variety, and cues, it should be able to develop greater levels of group cohesion as opposed to 
CMC (Salisbury et al. 2006). Powell et al. (2004) state that F2F communication creates more 
opportunity for developing trust, relationships and cohesion, whilst the same processes are 
significantly more difficult within the CMC environment. Kahai et al. (2007) state that due to the 
richness and presence afforded by F2F communication, higher levels of cohesion should be 
created. However, many other factors of virtual teams including the tasks at hand, member 
diversity, knowledge of one another, and facilitation of interactions between one another affect 
levels of group cohesion, despite the medium being employed (Kahai et al., 2007). In order for 
knowledge construction to be effective within CMC environments, high levels of cohesion as 
well as extensive common understandings need to be created prior to utilising CMC, most 
commonly in the form of F2F communication (Powell et al., 2004). Connell et al. (2001) 
reaffirm this by stating that trust amongst group members is built first through a rich medium, 
and then can be maintained through the usage of poor media, not necessarily the other way 
around. According to Powell et al. (2004), many studies have found that even though group 
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cohesion within virtual teams is low at the beginning stages of the group, strong cohesion can be 
developed over time. Thus, practitioners should remember that peak processes within virtual 
teams can exist, but that time and extensive opportunities for interaction must be afforded in 
order to achieve this (Powell et al., 2004).  
In relation to social presence, Zhang and Ge (2006) state that media which constitute higher 
levels of social presence also encourage greater interaction amongst team members. Thus, 
Salisbury et al. (2006) assert from this that media with higher levels of social presence encourage 
far greater group cohesion to be developed. CMC also has the ability to relay information which 
increases perceived social presence, but at a slower transfer rate in comparison to F2F 
communication (Havard et al., 2008). Yoo and Alavi (2001) found a positive relationship 
between group cohesion and social presence, such that group members who perceived greater 
social presence within their group tended to give higher ratings on the group cohesion measure. 
They also found that increases in group cohesion resulted in significantly greater task 
participation (Yoo & Alavi, 2001). Thus, when teams are required to use lean communication 
media (such as CMC), careful attention should be paid to the development of positive and 
facilitative relationships between team members so as to harness greater levels of interaction, 
task participation and reductions in complexity (Yoo & Alavi, 2001). Stacey (2000) reiterates the 
fact that without a climate of trust and cooperation, as afforded by group cohesion, task aims 
cannot be efficiently achieved.  
The concluding section refers to the number of contributions present within different 
communication conditions, with attention on potential causes and potential effects.  
Number of contributions 
McGrath (1990 in Williams) distinguishes the effects of the contributions made by participants 
within F2F and CMC communications. Within F2F communication, even if a participant is not 
verbally contributing, their presence and non-verbal reactions still indicate some form of 
interaction with the group (McGrath, 1990). Within CMC, when a participant is not textually 
contributing, there is no way in which other participants know of the presence or absence of the 
non-contributing participant, especially if all participants are geographically dispersed (McGrath, 
1990). This inactivity and lack of presence essentially eliminates the individual from teamwork 
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and this is associated with hindrance of the development of group cohesion (McGrath, 1990). 
Group cohesion may however be significantly developed if participants are highly committed to 
the task and “frequently exchange ideas and information, using information technology” 
(Williams et al., 2006, p. 608). Thus, it seems that increased numbers of contributions by team 
members may indeed raise levels of group cohesion.  
Increased numbers of contributions within a specific time frame is associated with improved 
interactivity, that being the quickness and appropriateness of feedback (Chalfonte et al., 1991). 
In turn, this improved interactivity allows for greater effectiveness and efficiency of 
communication (Chalfonte et al., 1991). Huntley and Thatcher (2008) found a significant and 
positive relationship between the number of contributions made within online discussion threads 
and the highest level of knowledge construction achieved within the particular discussion thread. 
As has been extensively discussed, many researchers (e.g. Connell et al., 2001; Polhemus, 2001; 
Rice, 1992; Roberts et al., 2006; Sia et al., 2002; Swan, 2005) have argued that interactivity is 
greater within F2F communication, and should therefore result in greater efficiency and 
effectiveness of communication. This is due to the ability for greater numbers of contributions to 
be made within a specific time frame in F2F communication according to Chalfonte et al’s 
(1991) statement that thoughts can be translated quicker into speech than typing, and that many 
people cannot type as quickly as they can speak. As a result, Chalfonte (1991) indicates the need 
for training typing skills for virtual team members so that interactivity is not further sacrificed. 
However, Zhang and Ge (2006) state that virtual teams may enjoy improved interactivity when 
their levels of perceived social presence are higher. It must therefore be ensured  that if F2F 
communication can be used (which has inherently high levels of social presence), social presence 
amongst virtual team members be raised through F2F communication prior to the usage of 
CMC(as earlier discussed) in order for CMC to constitute relatively high levels of interaction. 
In summary, the theoretical constructs of Media Richness theory, Social Presence theory, 
knowledge construction, group cohesion, and number of contributions have been extensively 
investigated and discussed. The relationships between these theoretical constructs have also been 
critically analysed and discussed. This has been done in order to discuss and rationalise 
important findings as well as the need for future research within this area. A short rationale will 
now be presented which leads to the research questions of the current study. 
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Rationale 
The aims of the current study may briefly be summarised so as to indicate the contributions to 
research on the effectiveness of CMC and F2F communication media, and the potential impact 
of group cohesion on those media, and in-turn, the impact of the different communication media 
on group cohesion. 
Modern organisations are increasingly using various communication technologies to achieve 
organisational goals. Research has shown that some technologies are more effective than others 
depending on the situation and demands of the task. Media richness and Social presence theories 
have provided a lot of information and reason for why some communication technologies are 
more effective than others in particular situations and for various tasks. The majority of the 
research has shown that CMC is lower in social presence and media richness than F2F 
communication, and therefore not as effective in the completion of complex, unanalysable tasks. 
However, mixed results have been found in this regard, with some studies showing that CMC is 
very effective at solving complex tasks due to its ability to keep communications task-oriented 
whilst minimising possibilities for social distractions (Markus, 1994; Ngwenyama et al. 1997). 
This study analyses the discourse presented by CMC and F2F communication groups in the 
completion of complex, unanalysable tasks in terms of knowledge construction created. Higher 
levels of knowledge construction allow for greater interaction, decision-making, and problem-
solving. Even though investigations of knowledge construction within CMC have been 
conducted (e.g. Gunawardena et al., 1997; Newman, Webb, & Cochrane, 1996; Schellens & 
Valcke, 2004), no research could be found which compares F2F communication and CMC in 
terms of their ability to solve complex tasks. This is very important to research due to the need to 
solve complex tasks in modern organisations. 
Group cohesion has been found to be vital for group cooperation and performance, as well as 
many other variables, which affect the effectiveness of a group. When group cohesion levels are 
too high, groupthink and distraction from the task may occur, and when group cohesion levels 
are too low, performance may suffer. Due to the lack of research in terms of the effects of group 
cohesion in CMC environments, this study will subsequently investigate the effects of group 
cohesion on the effectiveness of F2F and CM communication groups, as well as the effects of 
these two communication media in the creation of levels of group cohesion. This will be done so 
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as to assess whether CMC and F2F communication differ in terms of their ability to harness the 
effects of group cohesion, and in the creation of group cohesion. 
 
 
Research questions 
Before stating the research questions, it must be explained that group cohesion pre-manipulation 
refers to the levels of group cohesion before a group participates in solving a series of complex, 
unanalysable tasks. Group cohesion post-manipulation refers to the levels of group cohesion 
created by virtue of the team participating in solving a series of complex, unanalysable tasks. 
The medium of communication refers to F2F communication or CMC. Medium combination 
refers to whether the group engages in F2F only, CMC only, F2F then CMC, or CMC then F2F 
in solving the two tasks. The eight primary research questions subsequently are: 
1) Is there a relationship between medium of communication and; the time taken for the 
group to come to a decision, the number of contributions, the average level of knowledge 
construction generated, the highest level of knowledge construction achieved? 
 
2) Is there a relationship between medium combination and; the time taken for the group to 
come to a decision, the number of contributions, the average level of knowledge 
construction generated, the highest level of knowledge construction achieved, the amount 
of group cohesion post-manipulation, and satisfaction with the group processes and 
decisions? 
 
3) Do the two tasks differ in their level of complexity and does the complexity of the two 
tasks have a relationship with; the time taken for the group to come to a decision, the 
number of contributions, the average level of knowledge construction generated, the 
highest level of knowledge construction achieved? 
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4) Is there a relationship between group cohesion pre-manipulation and; the time taken for 
the group to come to a decision, the number of contributions, the average level of 
knowledge construction generated, the highest level of knowledge construction achieved, 
the amount of group cohesion post-manipulation, and satisfaction with the group 
processes and decisions? 
 
5) At the individual level, is there a relationship between individuals’ group cohesion pre-
manipulation and their satisfaction with the group processes and decisions and group 
cohesion post manipulation? 
 
6) Do relationships exist between the time taken for the group to come to a decision, the 
number of contributions, the average level of knowledge construction generated, the 
highest level of knowledge construction achieved, the amount of group cohesion post-
manipulation, and satisfaction with the group processes and decisions? 
 
7) At the individual level, do relationships exist between the four questions assessing 
satisfaction with the group processes and decisions and group cohesion post 
manipulation? 
 
8) Do any of the medium combinations differ from group cohesion pre-manipulation to 
group cohesion post-manipulation 
 
All questions, with exception of questions 5 and 7, refer to analyses at the group level, and 
subsequent differences at the group level. This is due to the nature of this study on concentrating 
on group dynamics and communication rather than individuals’ characteristics. Questions 5 and 
7 refer to analyses at the individual level. It has been decided to investigate these two questions 
as individuals’ satisfaction with the group processes and group decisions may possibly influence 
their rating of group cohesion, thereby influencing the group dynamics. 
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METHODOLOGY 
This section presents the manner in which the researcher set out to answer the research questions. 
All variables will be named and classified, the research designs for all research questions will be 
discussed, the participants and demographics of the sample will be presented, the procedure as 
well as the measures will be outlaid, the statistical analyses will be revealed and finally, ethical 
considerations will be discussed.  
 
Classification of variables 
All variables, with exception to individuals’ ratings of group cohesion pre-manipulation and 
individuals’ satisfaction with the first and second task decisions, and individuals’ satisfaction 
with the first and second task group interactions, are variables at the group level of analysis. 
• Medium of communication (CMC vs F2F) = Independent variable 
• Medium combination = Independent variable 
• Time = Independent variable 
• Task = Independent variable 
• Group cohesion pre-manipulation = Independent variable 
• Individuals’ ratings of group cohesion pre-manipulation = Independent variable 
• Group satisfaction with the first task’s group decision = Dependent variable 
• Group satisfaction with the second task’s group decision = Dependent variable 
• Group satisfaction with the group interaction during the first task = Dependent variable 
• Group satisfaction with the group interaction during the second task = Dependent 
variable 
• Individuals’ satisfaction with the first task’s group decision = Dependent variable 
• Individuals’ satisfaction with the second task’s group decision = Dependent variable 
• Individuals’ satisfaction with the group interaction during the first task = Dependent 
variable 
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• Individuals’ satisfaction with the group interaction during the second task = Dependent 
variable 
• Group cohesion post-manipulation = Dependent variable 
• Individuals’ ratings of group cohesion post-manipulation = Dependent variable 
• Average knowledge construction = Dependent variable 
• Highest level of knowledge construction = Dependent variable 
• Number of contributions = Dependent variable 
Each variable and their operationalisation will be discussed in greater detail within the procedure 
section. 
Research design 
The first two research questions are of a quasi-experimental nature as the media of 
communication and medium combination were manipulated differently for each group (but 
where each person acted as their own control). Participants were allowed to form their own 
group of five people to participate in this study. However, if a group consisted of less than five 
people, other participants were placed with that group to make up the numbers. This was done so 
as to use naturally occurring groups as much as possible, and to standardise the amount of 
participants in each group. Groups were contrasted with one another on differing manipulations 
of media of discussion. Thus, random assignment was not achieved, and contrast instead of 
control groups was present. The groups were compared against one another on pre- and post-
measures of group cohesion, before and after the manipulation. However, the output variables of 
all groups were compared against one another post-manipulation. All comparisons were made 
across groups. As a result, this research design is quasi-experimental, and contains elements of 
longitudinal and cross-sectional design, and a between-groups design 
The third and fourth research questions are of a non-experimental nature as group cohesion pre-
manipulation was not manipulated, but measured and the sequence of both tasks was 
standardised across all groups. Therefore, this design is of a causal intent, but due to lack of 
manipulation is correlational. Thus, as the effects of different levels of group cohesion pre-
manipulation and the two tasks were compared, this design represents an ex-post facto design. 
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As for research question 1 and 2, it has elements of longitudinal and cross-sectional design, and a 
between-groups design. 
Research question five is of a very similar design to research questions three and four with the 
exception that this research question dealt with variables at the individual level only. Thus, this 
design represents ex-post facto design, with elements of both longitudinal and cross-sectional 
design, as well as elements of between and within group design 
Research question six involves the relationships between all group dependent variables whilst 
research question seven involves the relationships between all individual dependent variables. 
This design is thus non-experimental in nature. Research question six has a between-group 
design whilst research question seven is a within-group design. 
Research question eight involves comparisons between the group cohesion pre-manipulation and 
group-cohesion post manipulation by virtue of the effects of medium combination. As for 
research questions 1 and 2, this research design is quasi-experimental in nature due to a lack of 
random assignment in placing participants into groups, but a presence of manipulation of the 
independent variables. It contains elements of both cross-sectional as well as longitudinal design, 
and is a between-groups design.  
Participants 
Each group consisted of a maximum of five participants due to Roberts, Lowry, and Sweeney’s 
(2006) finding that smaller groups allow for greater interaction between participants. As each 
participant contributed crucially, and in relatively large amounts in completing each task, a 
sample size of 40 was sufficient. A total of 8 groups of 5 participants each volunteered to 
participate in the study. Most of the groups were self-formed, and to ensure that each group had 
5 participants, some groups required for more participants to be added. All 40 participants were 
sourced from various undergraduate classes at the University of the Witwatersrand taking 
Psychology as a course. This served a dual purpose. Firstly, the student sample may provide 
important findings within the educational context in terms of distance learning implications. 
Secondly, and most importantly, these students will most probably be involved in the 
organisational context after their studies. By viewing the results of this study, organisations may 
be able to better predict the implications of their choices of media of discussion and development 
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of group cohesion on employees entering the organisation.The sample comprised of 34 females 
and 6 males. The mean age was 19.78 with a standard deviation of 1.51 and a range between 18 
and 23. Thirty-six participants spoke English as their first language, 1 spoke Sesotho, 2 spoke 
Setswana and 1 spoke German. However, all participants were fluent in English. Thirty-five 
participants had never engaged in solving a complex problem using a CMC. Five participants 
had engaged in solving a complex problem using a CMC, but these 5 participants were naturally 
distributed across the 8 groups.  
 
Procedure 
The researcher firstly approached undergraduate students who were completing Psychology as a 
course whilst they were engaged in tutorials or lectures. As a group, they were briefed about the 
purpose of the research and invited to indicate their willingness to participate on the pre-
participation information sheet (see Appendix 1). The pre-participation information sheet was 
used by the researcher to contact the potential participants about plans and times of how and 
when the research was to proceed.  
Upon arrival of the potential participants for the research process, the researcher once again 
briefed them about the purpose of the research and provided information to them about how their 
participation will benefit the study. All groups read the participant information sheet and 
provided their consent to participate, and to be recorded via audio and video recording. 
Individuals completed a demographic sheet to capture their biographical information (age, first 
language, gender, and CMC experience). Measures of group cohesion were then completed by 
the participants of each group so as to gain a value for group cohesion for each group prior to the 
manipulation. The way in which group cohesion values were obtained is discussed in the 
Measures section. Each group was randomly assigned to one of four conditions of medium 
combination. The first combination involved F2F communication only for both tasks. The 
second condition involved synchronous (real-time) CMC only for both tasks. The third condition 
involved F2F communication for the first task, followed by synchronous CMC for the second 
task. The fourth condition was opposite to that of the third condition in that synchronous CMC 
was followed by F2F communication. The third and fourth conditions were done so as to assess 
	

whether the order in which groups engaged in F2F communication and CMC in completing 
complex, unanalysable tasks had any differential effect. Each of the four combinations involved 
two separate half hour sessions in which a different complex, unanalysable task was completed 
by the group using the communication medium of that session. Please refer to the Appendix 6 to 
view the two tasks. The two tasks were completed in the same order for all four groups for 
purposes of standardisation. The CMC conditions were facilitated by virtue of the WebCT 
computer conferencing system available at WITS University. All participants were seated at 
computers dispersed in location within a computer laboratory at the university and were 
requested to not engage in any communication with one another despite via the WebCT system.  
In the combination conditions, each medium was allocated a maximum of thirty minutes. Only 
one session was utilised due to a number of factors. Firstly, Glass and Benshoff (2002) found 
that adolescent participants who completed one lengthy session of simple tasks developed 
significantly greater levels of group cohesion. Secondly, Yoo and Alavi (2001) found the Group 
Attitude Scale (GAS) (Evans & Jarvis, 1986) (utilised in the current study to measure group 
cohesion and will be discussed further in the Measures section) to be highly sensitive. They 
found that one unit change in group cohesion as measured by the GAS in either direction “can 
cause a change [in the same direction] of 75% in social presence” (Yoo & Alavi, 2001, p. 385). 
Thirdly, practical limitations of trying to get groups together so that the same participants of each 
group are able to get together on more than one occasion are practically very difficult and risky 
as drop-out and attrition of participants will severely impact the results. Therefore, the one 
session in which groups complete a series of complex, unanalysable tasks should be able to 
develop group cohesion enough that the GAS recognises the change and that dependent variables 
such as knowledge construction and number of contributions will be similarly impacted. 
Immediately after the tasks had been completed, the groups were once again required to 
complete the GAS to assess for changes in group cohesion post-manipulation.All participants 
also completed a short satisfaction form consisting of four items on a five point Likert scale to 
assess their satisfaction with the outcome of each of the tasks and the group’s communicative 
and interactive behaviour within each of the tasks. The participants were then debriefed and 
made aware when and how they can access the results. The researcher then collected all the data 
obtained from the experiments and processed them into a useful format for analysis. 
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With regards to the CMC, all discourse was automatically generated on the WebCT system, 
which could be stored and printed out for later analysis. All F2F discourse was recorded by 
virtue of video and audio recording of participants, and then transcribed into textual format so 
that it could be stored and printed for analysis. Subsequently, all textual forms of the 
communications could be analysed for levels of knowledge construction and number of 
contributions via content analysis. This will be further described in the Measures section. 
 
Measures  
Demographics: Age, first language, gender, and experience with solving complex problems 
using CMC were assessed via a self-report questionnaire. 
Group cohesion: Levels of group cohesion was measured using the Group Attitude Scale (GAS) 
by Evans and Jarvis (1986). This scale has specifically been designed to capture group cohesion 
(Evans & Jarvis, 1986; Wheelan, 2005). Each item is measured along a nine-point Likert scale 
where 1 represents strongly agree and 9 represents strongly disagree. According to Evans and 
Jarvis (1986) as well as Wheelan (2005), this twenty item scale has been used across many 
different studies and has shown high levels of internal consistency reliability as well as construct 
and face validity across those studies. Although the GAS has been used mostly amongst Western 
cultures, Xie and Johns (2000) used the GAS successfully amongst Chinese workers. Thus, 
indicating its cross-cultural applicability. Evans (1978) in her doctoral thesis as cited in Evans 
and Jarvis (1986) obtained internal consistency reliabilities of 0.93, 0.92, and 0.90 across three 
different administrations. Simultis (1983) in her doctoral thesis as cited in Evans and Jarvis 
(1986) obtained internal consistency reliabilities of 0.94, 0.92, 0.96, and 0.97 across four 
different administrations. Evans and Jarvis (1986) also report strong criterion-related validity, 
concurrent validity, construct validity, and face validity. Test-retest reliability is not applicable 
due to the very nature of the constantly shifting dynamics of group cohesion. As mentioned, Yoo 
and Alavi (2001) not only found the GAS to be highly reliable, but also very sensitive to changes 
in group cohesion. 
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The GAS was used within the current study to measure both pre- and post-manipulation group 
cohesion. The participants of each groups’ scores were averaged to obtain a mean level of group 
cohesion for each group. 
Knowledge construction (average and highest level): Knowledge construction was assessed 
using Gunawardena et al.’s (1997) Interaction Analysis Model (IAM). Huntley and Thatcher 
(2008), Kanuka and Anderson (1998) and Marra, Moore, and Klimczak (2004) found the 
Gunawardena et al. (1997) IAM as a useful tool for analysis of the content of online discussions 
in terms of the amount of knowledge constructed. The IAM was specifically designed to measure 
the amount of knowledge constructed within CMC (Gunawardena et al., 1997). The IAM has not 
been used to analyse discourse transcribed from F2F communication, and therefore this study 
will also test the usefulness of this model in determining knowledge construction within F2F 
communication. However, as F2F communication within this study was transcribed into textual 
format (as for CMC), it should arguably be suitable for this purpose. The IAM specifies that 
using a content analysis method, the discourse presented in a textual format can be analysed into 
one of five different phases of knowledge construction (Gunawardena et al., 1997). Each 
individual contribution made in the completion of the tasks will serve as the unit of analysis.  
 
The full Gunawardena et al. (1997) IAM is placed within Appendix 9, but summarised, the 
Gunawardena et al. (1997) IAM codes knowledge construction into five ascending phases of 
knowledge construction. Phase I (lowest level of knowledge construction) represents the sharing 
and/or comparing of information, phase II represents the exploration of dissonance and 
inconsistency amongst ideas and concepts, phase III involves the negotiation of understanding 
and joint construction of new knowledge; phase IV occurs when generated knowledge is tested 
and modified; and phase V (highest level of knowledge construction) involves summarising 
agreements amongst participants and the application of newly constructed understanding 
(Gunawardena et al., 1997). Therefore, each individual contribution was analysed as a phase I, II, 
III, IV, or V level of knowledge construction.  
 
The average level of knowledge construction (Meanknow) was obtained by calculating the mean 
knowledge construction of each group in terms of how all of the participants contributed to the 
group interactions for each task. The highest level of knowledge construction (Hiknow) was 
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obtained by recording the highest level of knowledge construction contributed by any of the 
group participants during the group interactions for each task. Meanknow and Hiknow can thus 
be compared and contrasted between all of the groups. 
 
Number of contributions: Number of contributions was assessed by investigating the frequency 
of responses and contributions made in each of the different communication media combinations 
and their associated tasks. A contribution refers to a set of words or even sentences which one 
individual makes at one specific instance in order to add to the overall discussion. The number of 
contributions per task was recorded and assessed. This gave a raw indication of the amount of 
interactivity present within a particular task and particular communication medium.  
 
Satisfaction: A questionnaire consisting of four questions assessing participants’ satisfaction 
with the decisions of the group for the first and second task (questions 1 and 2) and the manner 
in which the group interacted for the first and second tasks (questions 3 and 4) was formulated in 
response to the view that an individuals satisfaction with the group processes may affect the level 
of group cohesion, as group cohesion is a product of group attractiveness. Please see the 
Appendix 7 to view the satisfaction questionnaire. Each of the four questions was rated on a five 
point Likert Scale from 1 (completely dissatisfied) to 5 (completely satisfied). Each group’s 
satisfaction with the decisions and interaction processes for each of the two tasks could thus be 
obtained by calculating the mean satisfaction from all five participants for each of the questions. 
Thus making it possible to compare and contrast all of the groups with regards to satisfaction on 
each of the four questions.  
 
Statistical analysis 
The commonality amongst research questions 1 to 5 is that each investigates the relationship of 
one independent variable with a number of dependent variables. For research questions 1 to 4, 
analyses are at the group level whilst question 5 refers to the individual level only. However, 
even though variables at both the group and individual level exist, comparisons or relationships 
between group and individual level variables are not the aim of this study. Therefore, Analysis of 
Variance (ANOVA) statistical techniques were used for all five research questions to investigate 
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the relationship between the independent variable and the dependent variables. Effect sizes for 
parametric ANOVA will be tested by virtue of eta2 effect sizes, at which 0.00 – 0.06 is small, 
0.06 – 0.15 is medium and > 0.15 is large (Huck, 2004). Effect sizes for post-hoc analyses will 
be tested by virtue of Cohen’s D at which < 0.2 is very weak, 0.2 – 0.5 is small, 0.5 – 0.8 is 
medium, and > 0.8 is large. The 6th and 7th research questions refer to the possible relationships 
between the dependent variables, at the group and individual level respectively. Thus, a 
correlational technique satisfied the requirements of these two questions. The 8th and 9th research 
questions investigated the relationship between one independent variable and one dependent 
variable, classified by the medium combination variable and the group variable respectively. 
Thus, a paired samples t-test was suitable (Huck, 2004) as pre-manipulation group cohesion 
could be paired with each group’s respective post-manipulation group cohesion. 
 
Ethical considerations 
All participants were volunteers. All potential participants were given the opportunity to 
understand what the research is about before being asked to indicate their willingness to 
participate. Once they had indicated their willingness to participate, each had the opportunity to 
understand what the research is about at a more detailed and procedural level from the briefing of 
the researcher as well as the participant information sheet. In order to participate and accept the 
recording of their interactions, informed consent forms were signed. The interactions were 
recorded via audio and video recording within the F2F communication conditions whilst the 
interactions were automatically recorded in textual format via the WebCT conferencing system. 
The participants were allowed to withdraw from the study at any stage during the experimental 
stage. Confidentiality in the research report was ensured in that participants’ identification was 
not disclosed. Their personal variables, in the form of their demographics, indicated no link to 
individual participants within the research report, also ensuring confidentiality.  
The main focus of the study was the contributions made, and discourse constructed by the 
participants rather than the participants’ themselves. In addition, grouped responses were the 
focus of the research rather than individual contributions. The two complex, unanalysable tasks 
have been constructed specifically to avoid stirring up traumatic emotions, even though it could 
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not be guaranteed that traumatic emotions would not result. Considering the nature of the study, 
as well as the student sample used, no vulnerability issues should therefore be present. 
 
 
 
RESULTS 
Introduction to results 
The purpose of this section is to display the answers to all research questions by virtue of the 
statistical analyses completed for each research question. Therefore, the main focus of this 
section is the resultant finding for each research question. However, prior to this, the manner in 
which the groups were assigned medium combinations, as well as reliability measures and 
distribution analyses were conducted, will be revealed. As there were 4 different medium 
combinations available (refer to procedure) in which to place the 8 groups, 2 groups were 
randomly assigned to each of the medium combinations. In total, 2162 individual contributions 
were made across all medium combinations, and all contributions were analysed for levels of 
knowledge construction. After the discussion on internal consistency and inter-rater reliability 
results, as well as the distribution analyses of all variables, the results will be presented by virtue 
of each research question. 
Internal consistency reliability of the GAS 
The GAS was used to measure pre-manipulation group cohesion as well as post-manipulation 
group cohesion. For pre-manipulation group cohesion, as well as post-manipulation group 
cohesion a Cronbach Coefficient Alpha of 0.87 resulted. According to Huck (2004), internal 
consistency reliabilities above 0.85 are good, and thus good reliability for the GAS for both pre-
manipulation and post-manipulation group cohesion can be concluded. 
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Inter-rater reliability 
To ensure the non-bias and reliable application of the Gunawardena et al. (1997) IAM, inter-rater 
reliability was tested. The alternate rater analysed 100 of the contributions made (50 from each 
of the two mediums of communication). The results of the alternate rater’s knowledge 
construction measures were compared to those of the researcher. There was a 93 out of 100 
contributions agreement which results in 93% proportion agreement. Upon closer inspection of 
the seven disagreed upon postings, it was discovered that the alternate researcher had slightly 
misunderstood phase II of the Gunawardena et al. (1997) IAM, and the differences were 
reconciled. A Spearman’s correlation coefficient of 0.95 (p < 0.01) resulted. A Weighted 
Cohen’s kappa coefficient of 0.94 with 95% confidence limits between 87.57 and 99.63 was 
calculated. Thus, all inter-rater reliabilities were high, which indicates that the application of the 
Gunawardena et al. (1997) IAM was non-biased and suitably reliable. 
Distribution analysis 
Distribution analyses were conducted on all interval variables so as to ascertain the nature of the 
data. In addition, these analyses helped the researcher to decide whether parametric or non-
parametric analyses should be conducted. After initial analyses of the variables, it was observed 
that most variables were non-normally distributed, and therefore all variables were naturally 
logged in order to attempt to transform them into normally distributed variables. The summarised 
results of the distribution analyses are reported within table 1. As will be seen in table 1, even 
with the log transformation, some variables were still non-normally distributed. For purposes of 
brevity within the remainder of the research report, the variables are abbreviated as follows:  
Time = The amount of time spent by the group in coming to a consensus about the decision for 
the particular task within the assigned medium of communication. 
Contributions = The number of contributions made by the individuals within each task 
Meanknow = The average level of knowledge construction achieved within each task 
Hiknow = The highest level of knowledge construction achieved within each task 
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Individual Satisfaction-first decision – Individual Satisfaction-second processes = The 
individuals’ appraisals of their satisfaction with regards to the group decisions and group 
processes (see Measures for more detail) 
Individual pre-cohesion = The individuals’ appraisals of group cohesion prior to completion of 
the tasks 
Individual post-cohesion = The individuals’ appraisals of group cohesion after completion of the 
tasks 
Group pre-cohesion = The average of all group members’ appraisals of group cohesion prior to 
completion of the tasks 
Group post-cohesion = The average of all group members’ appraisals of group cohesion after 
completion of the tasks 
Satisfaction-first decision – Satisfaction-second processes = The average of all group members’ 
appraisals of their satisfaction with regards to the group decisions and processes (see measures 
for more detail) 
For purposes of brevity, within the Results section, F2F communication will be abbreviated to 
F2F. 
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Table 1: Distribution analysis of interval variables 
Variable Mean  Median Skewness Kurtosis Histogram Distribution Parametric/non 
Time  1.12 1.17 -0.50 -0.62 Normal Normal Parametric 
Contributions 2.03 2.05 0.31 -0.33 Normal Normal Parametric 
Meanknow 0.13 0.12 0.72 -0.12 Normal Normal Parametric 
Hiknow 0.64 0.65 -0.91 -0.15 Non-normal Normal 
(CLT) 
Parametric 
Individual 
Satisfaction-first 
decision 
0.68 0.7 -2.35 5.89 Non-normal Non-normal Non-parametric 
Individual 
Satisfaction-
second decision 
0.61 0.60 -1.52 2.44 Non-normal Non-normal Non-parametric 
Individual 
Satisfaction-first 
processes 
0.65 0.7 -2.3 5.97 Non-normal Non-normal Non-parametric 
Individual 
Satisfaction-
second processes 
0.59 0.60 -1.22 0.46 Non-normal Non-normal Non-parametric 
Individual pre-
cohesion 
2.18 2.18 -0.68 0.86 Normal Normal Parametric 
Individual post-
cohesion 
2.19 2.19 -1.03 1.83 Normal Normal 
(CLT) 
Parametric 
Group pre-
cohesion 
2.19 2.2 -0.68 -0.84 Normal Normal Parametric 
Group post-
cohesion 
2.18 2.18 1.46 1.11 Non-normal Normal 
(CLT) 
Parametric 
Satisfaction-first 
decision 
0.68 0.67 0.25 -1.83 Non-normal Non-normal Non-parametric 
Satisfaction-
second decision 
0.64 0.64 -0.35 -1.18 Non-normal Non-normal Non-parametric 
Satisfaction-first 
processes 
0.65 0.65 -0.28 -1.33 Non-normal Non-normal Non-parametric 
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Satisfaction-
second processes 
0.59 0.60 0.32 -0.40 Non-normal Non-normal  Non-parametric 
 
In a brief review of table 1, the Central Limit Theorem (CLT) (Huck, 2004) may arguably apply 
to all variables as the sample size exceeded 30. However, for some variables, the histogram and 
skewness and kurtosis values were so Non-normal, that these variables were deemed to be too 
non-normally distributed, and thus only suitable for non-parametric analysis. A final 
consideration to be taken into account when using ANOVA for some of the research questions is 
that of homogeneity of variance.  This issue will be discussed as each research question is 
answered 
An important assumption to ensure when using parametric ANOVA is that of homogeneity of 
variance of the various groups (Huck, 2004). If homogeneity of variance is not realised, non-
parametric ANOVA in the form of Kruskal-Wallis ANOVA must be used (Huck, 2004).  
With regards to post-hoc analysis, in the case of parametric ANOVA, Tukey’s Studentized 
Range (HSD) Tests will be used as these are conservative tests especially effective when testing 
differences between more than three groups (Huck, 2004). As stated in the Methodology, effect 
sizes for ANOVA will be tested by virtue of eta2 effect sizes, at which 0.00 – 0.06 is small, 0.06 
– 0.15 is medium and > 0.15 is large (Huck, 2004). Effect sizes for post-hoc analyses will be 
tested by virtue of Cohen’s D at which < 0.2 is very weak, 0.2 – 0.5 is small, 0.5 – 0.8 is 
medium, and > 0.8 is large. In the case of Kruskal-Wallis ANOVA, Mann Whitney-U tests, 
which are the non-parametric form of two independent sample t-tests, will be used for post-hoc 
analysis (Huck, 2004). The significance level for all post hoc analyses is at least at the p < 0.05 
level.   
Relationship between Medium and Time, Contributions, Meanknow and Hiknow 
(question1) 
In the analysis of homogeneity of variance for the relationships between Medium, Contributions, 
Meanknow, Hiknow and Time, homogeneity of variance only resulted between Medium and 
Contributions, and thus Kruskal-Wallis ANOVA was used to calculate the relationships between 
Medium and; Time, Meanknow, Hiknow. 
	

Medium had a significant relationship with Contributions (F1,78 = 111.72, p < 0.01) with a large 
eta2 effect size of 0.59. Post-hoc analysis indicated that significantly more contributions were 
made in the F2F medium than the CMC medium at a Cohen’s D effect size of 0.8 which is large. 
Medium had a significant relationship with Time (2 = 29.49, df = 1, p < 0.01). Post-hoc analyses 
indicated that significantly more time was spent within the CMC medium than the F2F medium 
when groups’ solved the assigned task. Medium had no significant relationship with Meanknow 
(2 = 1.45, df = 1, p = 0.23). Medium did not have a significant relationship with Hiknow (2 = 
1.13, df = 1, p = 0.29). Therefore, the medium of communication had no differential effect on the 
average level of knowledge constructed, or the highest level of knowledge constructed. 
The results for research questions 1 - 7 will also be presented in tabular format. The only 
exception is question 5, as due to no significant results and a multitude of levels of the 
independent variable, it will not be presented in a tabular format. With regards to Grouping, all 
mean values which are presented with the same alphabetic letter (e.g. A) are not significantly 
different from one another. The variables are ranked from highest to lowest by virtue of their 
means. 
 
Table 2: Relationship between Medium and Time, Contributions, Meanknow, and Hiknow 
     	
 
 	
  	 CMC 1.27 0.13 A 
 F2F 0.97 0.27 B 
		 F2F 2.25 0.19 A 
 CMC 1.82 0.17 B 
		 CMC 0.14 0.05 A 
 F2F 0.12 0.02 A 
	 F2F 0.65 0.05 A 
 CMC 0.62 0.09 A 
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Relationship between Medium combination and Time, Contributions, Meanknow, 
Hiknow, Group post-cohesion, Satisfaction-first decision, Satisfaction-second 
decision, Satisfaction-first processes, and Satisfaction-second processes (question 
2) 
In the analysis of homogeneity of variance, only one relationship, that between Medium 
Combination and Contributions, was suitable for parametric ANOVA. All other relationships 
were tested using Kruskal-Wallis ANOVA. 
Medium Combination had a significant relationship with Contributions (F3,76 = 18.81, p < 0.01), 
with an eta2 effect size of 0.43, which is strong. Post-hoc analyses indicated that Medium 
combination F2F only was significantly different from the other three Medium combinations. 
Cohen’s D effect sizes of 0.96, 0.92 and 0.81 resulted between medium combination F2F only 
and its comparisons with CMC only, F2F then CMC and CMC then F2F respectively, which are 
all large effect sizes. The medium combination involving only F2F communication was 
associated with a significantly higher amount of contributions than the other three combinations. 
The other three combinations were not significantly different from one another, although, 
medium combination CMC only, possessed the least amount of contributions comparatively. 
Medium combination had a significant relationship with Time (2 = 25.55, df = 3, p < 0.01). Post 
hoc analyses revealed that Medium combination CMC only was significantly different from the 
other three medium combinations. The medium combination involving only CMC was 
associated with a significantly longer amount of time spent in the completion of the tasks as 
opposed to the other three medium combinations. The other three medium combinations were 
not significantly different from one another. However, medium combination F2F then CMC, 
took the least amount of time to come to group consensus across both tasks. 
Medium combination had a significant relationship with Meanknow (2 = 18.47, df = 3, p < 
0.01). Post hoc analyses revealed that Medium combinations CMC only and F2F then CMC were 
significantly different from Medium combinations F2F only and CMC then F2F. Therefore, the 
CMC only medium combination and the F2F followed by CMC medium combination possessed 
greater levels of average knowledge construction than the F2F only medium combination and 
CMC followed by F2F medium combination. The medium combination involving F2F followed 


by CMC possessed the greatest level of average knowledge construction across both tasks, whilst 
the medium combination involving CMC followed by F2F possessed the lowest average level of 
knowledge construction across both tasks. 
Medium combination had a significant relationship with Hiknow (2 = 11.99, df = 3, p < 0.01). 
Post hoc analyses revealed that medium combinations F2F only, CMC only, and F2F then CMC 
were not significantly different from one another, whilst medium combinations CMC then F2F, 
CMC only and F2F then CMC were not significantly different from one another. Medium 
combination F2F only and medium combination CMC then F2F were not only significantly 
different from one another, but the F2F only combination possessed the highest level of 
knowledge construction (greatest Hiknow) whilst the CMC followed by F2F combination 
possessed the lowest level of Hiknow. 
Medium combination had a significant relationship with Group post-cohesion (2 = 16.86, df = 3, 
p < 0.01). Post hoc analyses revealed that medium combinations F2F only, CMC only and F2F 
then CMC were not significantly different from one another, therefore possessing similar levels 
of post-manipulation group cohesion. Medium combination CMC then F2F was significantly 
different from all other medium combinations. In terms of individual ranking, medium 
combination CMC then F2F possessed the greatest level of post-manipulation group cohesion 
whilst medium combination F2F then CMC possessed the lowest level of post-manipulation 
group cohesion. 
With regards to the relationships between medium combination and satisfaction, as each 
satisfaction question refers to the processes or decision made in the completion of either the first 
or second task, using either F2F communication or CMC, the analyses can be best understood by 
focusing on the appropriate task and medium of communication which each satisfaction question 
is referring to. For example, satisfaction-second decision refers to the decision made in 
completion of the second task, and therefore, the second medium of communication used and the 
second task should be focused on. This will be dealt with in detail in the Discussion. In the 
presentation of the results following shortly, the medium of communication corresponding to the 
aspect of satisfaction which was being tested will be presented in bold font. 

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Medium combination had a significant relationship with Satisfaction-first decision (2 = 49.09, 
df = 3, p < 0.01). Post hoc analyses revealed that all four medium combinations were 
significantly different from one another. In descending order of magnitude (i.e. highest to lowest) 
of group satisfaction with regards to the group decision of the first task; Medium combination 
CMC then F2F; Medium combination F2F only; Medium combination F2F then CMC; and 
Medium combination CMC only. 
Medium combination had a significant relationship with Satisfaction-second decision (2 = 44.5, 
df = 3, p < 0.01). Post hoc analyses revealed medium combination F2F only and medium 
combination CMC then F2F were not significantly different from one another, therefore 
possessing similar group satisfaction with regards to the decision made with regards to the 
second task. Medium combination CMC only was significantly different from all the other 
medium combinations, and possessed the second highest level of Satisfaction-second decision. 
Medium combination F2F then CMC, was significantly different from all other medium 
combinations, and possessed the highest level of group satisfaction with regards to the decision 
made about the second task. 
Medium combination had a significant relationship with Satisfaction-first processes (2 = 44.06, 
df = 3, p < 0.01). Post hoc analyses revealed that medium combinations CMC only and CMC 
then F2F were not significantly different from one another, therefore possessing similar group 
satisfactions with regards to the group processes during the first task. Medium combination F2F 
only was significantly different from all other medium combinations, and experienced the lowest 
level of Satisfaction-first processes. Medium combination F2F then CMC was significantly 
different from all other medium combinations, and experienced the highest level of group 
satisfaction with reference to the group processes during completion of the first task. 
Medium combination had a significant relationship with Satisfaction-second processes (2 = 
30.84, df = 3, p < 0.01). Post hoc analyses revealed that medium combinations F2F only, CMC 
only, and F2F then CMC were not significantly different from one another therefore possessing 
similar group satisfaction with regards to the group processes during completion of the second 
task. Medium combination CMC then F2F, was significantly different from all other medium 
combinations, and possessed the highest level of group satisfaction with regards to the group 
processes during completion of the second task. 

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Table 3: Relationship between Medium combination and Time, Contributions, Meanknow, 
Hiknow, Group post-cohesion, Satisfaction-first decision, Satisfaction-second decision, 
Satisfaction-first processes, and Satisfaction-second processes 
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        Do the two tasks differ in their level of complexity and does the complexity of the 
two tasks have a relationship with; Time, Contributions, Meanknow, and Hiknow 
(question 3)? 
The purpose of this research question to assess whether the potential differences between the 
content and complexity of the two tasks may have had any effect on the dependent variables, 
possibly indicating whether the medium of communication, and group pre-cohesion (question 4) 
were not the only factors impacting upon all dependent variables. Although it was attempted to 
make the two tasks equally complex, it was made apparent by the majority of the participants 
that task 2 (load shedding) was a more complex task to complete and come to a group consensus. 
This result was obtained by asking all participants after the completion of the entire research 
process in a qualitative and informal manner what their impressions were of the two tasks. This 
will be discussed further in the Discussion. Therefore, the researcher investigated possible 
relationships between each of the tasks and the dependent variables. 
In the analysis of homogeneity of variance, the relationships between Task and Time; 
Meanknow; and Hiknow were suitable for parametric ANOVA. The relationship between Task 
and Contributions would however only be suitable for analysis by Kruskal-Wallis ANOVA. 
Task had a significant relationship with Time (F1,78 = 6.34, p = 0.01), with an eta2 effect size of 
0.08, which is of moderate strength. Post hoc analyses revealed that Task 2 (load shedding) took 
significantly more time to complete than Task 1 (Deserted island). A Cohen’s D  effect size of 
0.56 resulted, which is large. 
Task did not have a significant relationship with Contributions (2 = 0.71, df = 1, p = 0.4). 
Therefore, both the first and second tasks resulted in a similar number of contributions in order 
to come to group consensus. 
Task did not have a significant relationship with Meanknow (F1, 78  =  1.63, p = 0.2), with an eta2 
effect size of 0.02 which is small. Therefore, the average level of knowledge construction was 
similar for both task 1 and 2. Task did not have a significant relationship with Hiknow (F1,78  = 
2.11), with an eta2 effect size of 0.03 which is small. Therefore, the highest level of knowledge 
construction was similar for both task 1 and task 2.  
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Table 4: Relationship between Task and Time, Contributions, Meanknow, and Hiknow 
   	  	
  2 1.19 0.24 A 
 1 1.05 0.26 B 
		 2 2.07 0.33 A 
 1 2.00 0.23 A 
		 2 0.14 0.04 A 
 1 0.12 0.04 A 
	 1 0.65 0.08 A 
 2 0.62 0.07 A 
 
Relationship between Group pre-cohesion and Time, Contributions, Meanknow, Hiknow, 
Group post-cohesion, Satisfaction-first decision, Satisfaction-second decision, 
Satisfaction-first processes and Satisfaction-second processes (question 4) 
In the analysis of homogeneity of variance, no relationships were found to be suitable for 
parametric ANOVA, and thus all relationships were tested using Kruskal-Wallis ANOVA. 
Group pre-cohesion values were matched to the group which attained them so as to make more 
sense to the reader, and the results will thus be presented in terms of the medium combination to 
which they belong: 
Table 5: Group pre-cohesion values 
Medium combination Group number Group pre-cohesion value 
F2F only 4 2.21 
 8 2.19 
CMC only 5 2.17 
 6 2.21 
F2F then CMC 1 2.15 
 3 2.17 
CMC then F2F 2 2.20 
 7 2.20 
 

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It should be noted that groups 3 and 5 had the exact same value for group pre-cohesion, and 
groups 4 and 6 had the exact same value for pre-group cohesion. However, the medium 
combinations are the focus of this research question, rather than the groups themselves. As a 
result, medium combinations will be discussed rather than groups. It is apparent that groups 
within the medium combinations sometimes differed significantly from one another, and in some 
cases, groups from different medium combinations achieved exact same values for group pre-
cohesion. Nevertheless, more meaningful implications can be gained by looking at the medium 
combinations themselves rather than the individual groups. 
Group pre-cohesion had a significant relationship with Time (2 = 21.58, df = 5, p < 0.01). Post 
hoc analyses revealed that one group each from the F2F only medium combination and CMC 
only medium combination was significantly different from one group of the CMC then F2F 
medium combination, one group of the F2F then CMC medium combination, and the other group 
of the F2F only medium combination. A higher level of group pre-cohesion was associated with 
significantly more time spent in completion of the tasks than the groups with a lower level of 
group pre-cohesion.  
 
 
 
 
 
 
 
 
 
 


Table 6: Relationship between Group pre-cohesion and Time  
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Group pre-cohesion did not have a significant relationship with Contributions (2 = 3.3, df = 5, p 
= 0.7). Therefore, despite higher and lower levels of group cohesion pre-manipulation, this did 
not have a significant effect on the number of contributions. 
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Table 7: Relationship between Group pre-cohesion and Contributions  
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Group pre-cohesion had a significant relationship with Meanknow (2 = 24.34, df = 5, p < 0.01). 
The overall trend observed from the post hoc analyses revealed that the higher level of group 
pre-cohesion was associated with significantly higher levels of average knowledge construction 
as opposed to the lower levels of group pre-cohesion. One group from the F2F then CMC 
combination was significantly different from one group of the CMC then F2F combination. 
However, in this instance only, the lower level of group pre-cohesion resulted in a higher 
average knowledge construction. 
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Table 8: Relationship between Group pre-cohesion and Meanknow 
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Group pre-cohesion had a significant relationship with Hiknow (2 = 34.35, df = 5, p < 0.01). 
Post hoc analyses revealed that a higher level of group pre-cohesion was not necessarily 
associated with a greater highest level of knowledge construction in all instances. But it should 
be noted that the F2F only medium combination possessed the greatest level of highest 
knowledge construction (Hiknow). However, in other instances, group pre-cohesion rather than 
medium combination explained the greater highest level of knowledge construction. In the 
instances where group pre-cohesion did not explain the highest level of knowledge construction 
achieved, medium combination did provide a good explanation (i.e. the F2F only medium 
combination consistently achieving the highest knowledge construction). In summary however, it 
seems that higher levels of Group pre-cohesion did result in greater highest levels of knowledge 
construction, although this is not a clear result. This is due to medium combination also 
impacting upon the highest level of knowledge construction achieved.  
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Table 9: Relationship between Group pre-cohesion and Hiknow 
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Group pre-cohesion had a significant relationship with Group post-cohesion (2 = 79, df = 5, p < 
0.01). Post hoc analyses revealed that all medium combinations were significantly different from 
one another. The medium combinations showed no distinctive patterns in terms of the ordering 
of groups from the same medium combination in terms of post-cohesion manipulation. However, 
if we analyse both lists of group cohesion pre-manipulation and group cohesion post-
manipulation, it seems that higher levels of group pre-cohesion was associated with higher levels 
of group post-cohesion. Although this pattern is not strictly explicit, it is clearer than any type of 
pattern involving specific medium combinations. 
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Table 10: Relationship between Group pre-cohesion and Group post-cohesion 
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Group pre-cohesion had a significant relationship with Satisfaction-first decision (2 = 56.15, df 
= 5, p < 0.01). Post hoc analyses revealed three distinct groupings. The first grouping (referred to 
as [A(1)] in the results table) of medium combination CMC then F2F possessed the highest 
group satisfaction with regards to the decision made in the first task. The third grouping (referred 
to as [C(3)] possessed the lowest level of Satisfaction-first decision. Therefore, one group each 
from the F2F then CMC, CMC only and F2F only medium combinations possessed the lowest 
satisfaction with regards to the decision made in the first task. In looking specifically at group 
pre-cohesion levels, it seems that the grouping which achieved the highest level of Satisfaction-
first decision in comparison to the groups which achieved the lowest level of Satisfaction-first 
decision, had higher levels of group pre-cohesion. Therefore, higher levels of group pre-cohesion 
seemed to be associated with higher levels of Satisfaction-first decision. 
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Table 11: Relationship between Group pre-cohesion and Satisfaction-first decision 
 
 
 
 
 
 
 
 
 
 
 
 
Group pre-cohesion had a significant relationship with Satisfaction-second decision (2 = 76.75, 
df = 5, p < 0.01). Post hoc analyses revealed three distinct groupings in terms of satisfaction with 
the group decision for the second task. The first grouping [A(1)] achieved the highest level of the 
three groupings in terms of group satisfaction with regards to the group’s decision about the 
second task. The third grouping [C(3)] achieved the lowest satisfaction with the group’s decision 
for the second task. In terms of pre-manipulation group cohesion levels, the first grouping 
possessed the lowest pre-group cohesion levels (values of 2.15 and 2.17). Therefore, the 
grouping which achieved the highest Satisfaction-second decision, possessed the lowest levels of 
group pre-cohesion. The second and third groupings were somewhat matched in terms of group 
pre-cohesion (values of 2.2 and 2.21 for grouping 2, and values of 2.2 and 2.19 for grouping 3). 
The second and third groupings, which achieved lower Satisfaction-second decisions, had higher 
levels of group pre-cohesion. 
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Table 12: Relationship between Group pre-cohesion and Satisfaction-second decision 
 
 
 
 
 
 
 
 
 
 
 
 
Group pre-cohesion had a significant relationship with Satisfaction-first processes (2 = 79, df = 
5, p < 0.01). Post hoc analyses revealed four distinct groupings. In terms of level of satisfaction 
with regards to group processes during the completion of the first task, the first grouping [A(1)] 
achieved the highest level of Satisfaction-first processes whilst the fourth grouping [D(4)] 
achieved the lowest level of Satisfaction-first processes, with the second and third grouping 
following in the same descending order.  
A pattern seems to exist in that lower levels of group cohesion pre-manipulation resulted in 
greater satisfaction with respect to the group processes during the completion of the first task. 
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Table 13: Relationship between Group pre-cohesion and Satisfaction-first processes 
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Group pre-cohesion had a significant relationship with Satisfaction-second processes (2 = 69.26, 
df = 5, p < 0.01). Post hoc analyses revealed that there were 5 significantly different groupings. 
In terms of level of group satisfaction with the group processes during the completion of the 
second task, the first grouping [A(1)] experienced the highest degree of satisfaction whilst the 
fifth grouping [E(5)] achieved the lowest degree of satisfaction. The second, third and fourth 
groupings followed in the same, descending order. 
A clear pattern does not seem to exist with respect to group pre-cohesion, as each of the three 
tiers of pre-cohesion levels seems to correspond to both a high and low grouping in terms of 
Satisfaction-first processes. Therefore, medium combination probably had a greater influence on 
these satisfaction findings rather than Group pre-cohesion. 
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Table 14: Relationship between Group pre-cohesion and Satisfaction-second processes 
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Relationship between Individual pre-cohesion and Individual Satisfaction-first 
decision, Individual Satisfaction-second decision, Individual Satisfaction-first 
processes,  Individual Satisfaction-second processes, and Individual post-cohesion 
(question 5) 
In the analysis of homogeneity of variance, only one relationship, that between Individual pre-
cohesion and Individual post-cohesion achieved adequate homogeneity of variance, and was 
therefore suitable for parametric ANOVA. All other relationships were analysed using Kruskal-
Wallis ANOVA. Due to Individual pre-cohesion as an independent variable as well as 
constituting discrete data, it is appropriate to conduct ANOVA statistical techniques. 


Individual pre-cohesion did not have a significant relationship with Individual Satisfaction-first 
decision (2 = 30.36, df = 27, p = 0.3). Therefore, regardless of the individual’s appraisal of 
group cohesion prior to manipulation, it had no relationship with their satisfaction with respect to 
the decision made by the group in the first task 
Individual pre-cohesion did not have a significant relationship with Individual Satisfaction-
second decision (2 = 27.6, df = 27, p = 0.43). Therefore, regardless of the individual’s appraisal 
of pre-manipulation group cohesion, it had no relationship with their satisfaction with respect to 
the decision made by the group in the second task. 
Individual pre-cohesion did not have a significant relationship with Individual Satisfaction-first 
processes (2 = 25.46, df = 27, p = 0.55). Therefore, regardless of the individual’s appraisal of 
pre-manipulation group cohesion, it had no relationship with their satisfaction with respect to the 
group processes during completion of the first task. 
Individual pre-cohesion did not have a significant relationship with Individual Satisfaction-
second processes (2 = 28.29, df = 27, p = 0.4). Therefore, regardless of the individual’s 
appraisal of pre-manipulation group cohesion, it had no relationship with their satisfaction with 
respect to the group processes during completion of the second task. 
Individual pre-cohesion did not have a significant relationship with Individual post-cohesion 
(F27, 12  = 2.08, p = 0.09), with an eta2 effect size of 0.08, which is moderate-weak. Therefore, 
regardless of the individual’s appraisal of pre-manipulation group cohesion, it had no 
relationship with their individual appraisal of group cohesion post-manipulation.  
 
Relationships between Time, Contributions, Meanknow, Hiknow, Group post-
cohesion, Satisfaction-first decision, Satisfaction-second decision, Satisfaction-first 
processes and Satisfaction-second processes (question 6) 
In order to gain a more accurate measure of the true strength of the relationship between 
variables, effect size measures will be reported as these are calculated independent of sample 
size (Huck, 2004). The correlation coefficients themselves serve as the measures of effect size. 
According to Huck (2004), although not always strictly defined, a correlation coefficient of 

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between 0 and 0.30 is weak; 0.30 – 0.50 is moderate; 0.50 – 0.70 is strong and; 0.70 – 1.00 is 
very strong. 
As Time, Contributions, Meanknow, Hiknow and Group post-cohesion are all interval and 
suitable for parametric analyses, Pearson’s correlation coefficient can be used to investigate the 
relationships between these variables. However, Satisfaction-first decision – Satisfaction-second 
processes are not suitable for parametric analyses, and Spearman’s correlation coefficient was 
therefore used to investigate the relationships between these variables, and when these variables 
are involved in other relationships. Only significant results will be discussed in textual format, 
however, all relationships are presented in tabular format 
With regards to the Pearson correlation coefficients, Time was only significantly and negatively 
related to Hiknow (r = -0.23, p = 0.04). Thus, lesser time spent on the tasks was associated with a 
higher level of knowledge construction achieved for the tasks. Contributions was significantly 
and negatively related to Meanknow (r = -0.41, p < 0.01). Thus, greater numbers of contributions 
made within coming to a group consensus were associated with lower levels of average 
knowledge construction, and this relationship was moderate. Meanknow also experienced a 
significant, moderate and positive relationship with Hiknow (r = 0.41, p < 0.01). Therefore, as 
the average level of knowledge construction increased, so too did the highest level of knowledge 
construction for the task. With regards to group post-cohesion, a significant and positive, yet 
relatively weak relationship was found with Hiknow (r = 0.23, p = 0.04). Therefore, greater 
values in group cohesion after completion of the tasks were associated with greater levels of the 
highest level of knowledge construction.  
With regards to the Spearman correlation coefficients, Satisfaction-first decision was 
significantly, positively and moderately correlated with Contributions (r = 0.32, p < 0.01), but 
negatively and moderately correlated with Hiknow (r = -0.36, p < 0.01). Therefore, greater 
numbers of contributions were associated with higher satisfaction with the group decision of the 
first task, but greater levels of the highest level of knowledge construction were associated with 
lower satisfaction of the decision for the first task. Similarly, satisfaction with the group decision 
of the first task was significantly, negatively but weakly associated with the average level of 
knowledge construction achieved within the tasks (r = -0.24, p = 0.03). Satisfaction-second 
decision was significantly, negatively and moderately correlated with both Hiknow (r = -0.42, p 

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<0.01) and group post-cohesion (r = -0.38, p < 0.01). Thus, higher levels of satisfaction with the 
group decision for the second task were associated with lesser levels of highest levels of 
knowledge construction as well as post-manipulation group cohesion. Satisfaction-first process 
was significantly, negatively and moderately correlated with Hiknow (r = -0.29, p < 0.01). 
Therefore, greater values in satisfaction with the group processes during the first task were 
associated with lesser values in the highest levels of knowledge construction within the tasks.  
Satisfaction-second process was, as for Satisfaction-first decision, significantly, negatively and 
moderately correlated with Meanknow (r = -0.40, p < 0.01) as well as Hiknow (r = -0.28, p = 
0.01). However, Satisfaction-second process was significantly, strongly and positively correlated 
with both group post-cohesion (r = 0.52, p< 0.01) and Satisfaction-first decision (r = 0.55, p < 
0.01). Thus, higher levels of satisfaction with regards to the group processes during the second 
task were associated with higher levels of satisfaction with regards to the group decision of the 
first task as well as higher group cohesion after completion of the tasks. Satisfaction-first process 
was significantly, positively and strongly correlated with both Satisfaction-second decision (r = 
0.5, p < 0.01) and Satisfaction-second processes (r = 0.5, p <0.01). Thus, satisfaction with the 
group processes of both tasks as well as the group decision for the second task were strongly 
associated.  
Table 15: Pearson correlation coefficients for relationships between Time, Contributions, 
Meanknow, Hiknow and Group post-cohesion 
 
 Time (min) Contributions  Meanknow Hiknow Group post-
cohesion 
Contributions 0.00 
p = 0.99 
_ 
 
   
Meanknow 0.12 
p = 0.28 
-0.41** 
p < 0.01 
_   
Hiknow -0.23* 
p = 0.04 
-0.13 
p = 0.26 
0.41** 
p < 0.01 
_  
Group post-
cohesion 
0.15 
p = 0.19 
0.01 
p = 0.94 
-0.09 
p = 0.41 
0.23* 
p = 0.04 
_ 
3significant at p < 0.05             ** = significant at p < 0.01 
	
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Table 16: Spearman correlation coefficients for relationships between Satisfaction-first 
decision, Satisfaction-second decision, Satisfaction-first processes, Satisfaction-second 
processes, Time, Contributions, Meanknow, Hiknow, and Group post-cohesion 
 
 
 
 
 
 
 
 
 
 
 
 
Relationships between the four satisfaction questions and group cohesion post 
manipulation at the individual level (question 7) 
As all variables other than individual post-cohesion are suitable for non-parametric analyses 
only, Spearman’s correlation coefficients were used. At the individual level, individual post-
cohesion was significantly and positively correlated to Individual Satisfaction-first decision (r = 
0.51, p< 0.01), Individual Satisfaction-first processes (r = 0.46, p < 0.01) and Individual 
Satisfaction-second processes (r = 0.41, p < 0.01). Thus, an elevated individuals’ appraisals of 
 
Sat1decision Sat2decision Sat1processes Sat2processes 
Sat2decision -0.13 
p = 0.23 
_   
Sat1processes 0.20 
p = 0.07 
0.50** 
p <0.01 
_  
Sat2processes 0.55** 
p <0.01 
0.17 
p =0.13 
0.50** 
p <0.01 
_ 
Time -0.05 
p = 0.68 
0.18 
p = 0.1 
0.06 
p =0.61 
0.12 
p =0.29 
Contributions 0.32** 
p < 0.01 
-0.04 
p =0.70 
-0.15 
p =0.19 
0.16 
p =0.15 
Meanknow -0.24* 
p = 0.03 
0.05 
p =0.63 
-0.02 
p =0.83 
-0.4** 
p <0.01 
Hiknow -0.36** 
p < 0.01 
-0.42** 
p <0.01 
-0.29** 
p <0.01 
-0.28** 
p =0.01 
Group post-
cohesion 
0.13 
p = 0.27 
-0.38** 
p <0.01 
0.08 
p = 0.5 
0.52** 
p <0.01 
3significant at p < 0.05             ** = significant at p < 0.01 

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group cohesion after completion of the tasks was associated moderately with their satisfaction of 
the group processes during the completion of the first and second tasks, and strongly with their 
satisfaction with the first task’s decision. Even though the relationship between individual pre-
cohesion and Individual Satisfaction-second decision did not meet significance, a weak effect 
size (correlation coefficient) which was also positive in nature (r = 0.22) was realised. Individual 
Satisfaction-second processes was significantly, moderately and positively correlated with 
Individual Satisfaction-first processes (r = 0.35, p = 0.03).  Thus, greater satisfaction with the 
group processes of the first task was associated with greater satisfaction with the group processes 
of the second task. Even though the other relationships between the Satisfaction questions did 
not reach significance, all realised positive effect sizes, albeit weak (0.16 – 0.3). Therefore, 
individuals’ who indicated satisfaction on one item were more likely to indicate satisfaction with 
all the other items. 
Table 17: Relationships between the four satisfaction questions and Individual post-
cohesion at the individual level 
 Individual 
Satisfaction-
first decision 
Individual 
Satisfaction-
second decision 
Individual 
Satisfaction-
first processes 
Individual 
Satisfaction-
second 
processes 
Individual 
Satisfaction-
second decision 
0.16 
p = 0.31 
_   
Individual 
Satisfaction-
first processes 
0.28 
p = 0.08 
0.30 
p = 0.06 
_  
Individual 
Satisfaction-
second 
processes 
0.23 
p = 0.16 
0.23 
p = 0.16 
0.35* 
p = 0.03 
_ 
Individual post-
cohesion 
0.51** 
p < 0.01 
0.22 
p = 0.17 
0.46** 
p < 0.01 
0.41** 
p < 0.01 
 
3significant at p < 0.05             ** = significant at p < 0.01 
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

Differences between group cohesion pre-manipulation and group cohesion post-
manipulation by virtue of medium combination (question 8) 
For Medium combinationF2F only, a significant difference between group pre-cohesion and 
group post-cohesion resulted (Mean (M) = -0.017, t = -37.7, p < 0.01). The negative t-value and 
mean indicates that the group pre-cohesion values were significantly higher than those of the 
group post-cohesion values, thus indicating that group cohesion levels dropped during the 
completion of the tasks. 
For Medium combination CMC only, a non-significant difference between group pre-cohesion 
and group post-cohesion resulted (M = -0.01, t = -1.99, p = 0.06). However, even though non-
significant, the negative t-value and mean also indicates that the group pre-cohesion values were 
higher than those of the group post-cohesion values, indicating that group cohesion levels 
dropped during completion of the tasks. 
For Medium combination F2F followed by CMC, a significant difference between group pre-
cohesion and group post-cohesion resulted (M = 0.02, t = 8.20, p < 0.01). For this medium 
combination, the positive t-value and mean indicated that group post-cohesion significantly 
exceeded that of group pre-cohesion, indicating that group cohesion was raised during 
completion of the tasks. 
For Medium combination CMC followed by F2F, a non-significant difference between group 
pre-cohesion and group post-cohesion resulted (M = -0.01, t = - 1.59, p = 0.13). However, 
eventhough, non-significant, the negative t-value and mean indicated that more of the groups 
experienced lower levels of group cohesion after completion of the tasks than before the 
completion of the tasks. 

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DISCUSSION AND CONCLUSION 
In this section, all the results of the research questions will be discussed so as to derive meaning 
from the results as well as to compare them to previous completed research. In addition, this 
discussion will allow the researcher to provide the practical implications of the findings for both 
research and practice into Human-Computer Interaction. The findings from each research 
question will be discussed individually. However, throughout the section, the author will attempt 
to discuss possible links between the findings across the various research questions. 
Relationship between Medium and Time, Contributions, Meanknow and Hiknow 
(question 1) 
Significantly more contributions resulted within the F2F communication medium over the CMC 
medium. This may be due to a number of reasons. Firstly, after completion of the tasks, 
participants stated that it took significantly longer to type a response, than to verbalise one, and 
due to the time limit of half an hour in order to come to a group consensus, significantly less 
contributions could be created in the time. Gould (1978) as cited in Chalfonte et al. (1991) states 
that the translation of thoughts into speech was faster than into writing. Secondly, due to the 
nature of F2F communication as greater in immediacy of feedback and interactivity, other 
participants could almost ‘guess’ what another participant was trying to say and therefore 
complete their sentences, which is not possible in CMC, resulting in significantly higher amounts 
of contributions. This finding is reiterated by various researchers of Media Richness theory (e.g. 
Daft & Lengel, 1986; Connell et al., 2001; Takeda, 2007) whom have stated that richer media, 
such as F2F communication, afford more opportunities for interaction, quicker feedback, greater 
number of cues and personal focus therefore increasing member contributions. Thirdly, a fair 
amount of ‘talking-over’ one another occurred in the F2F communication conditions, which did 
not occur in the CMC conditions.  
For much the same reasons as above, the CMC condition was associated with significantly more 
time being spent in completion of the tasks as opposed to the F2F communication condition. This 
is due to the lack of information richness present within the CMC medium (Daft & Lengel, 
1986). Due to the increased information richness of F2F communication, it has the ability to 
	
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change understanding, and reduce uncertainty and equivocality faster than CMC (Daft & Lengel, 
1986). 
However, despite the fact that CMC clearly had lower levels of immediacy of feedback and 
interactivity, and therefore produced significantly fewer contributions, and took a longer time to 
complete the assigned tasks, there was no significant difference between the two mediums in 
terms of knowledge construction. Both average knowledge construction and the highest level of 
knowledge construction were similar across the F2F communication and CMC mediums. This 
result contradicts the majority of Media Richness and Social Presence theory in that F2F 
communication, due to its objectively higher level of media richness and social presence, should 
encourage greater knowledge construction, especially when engaged in solving complex, 
unanalysable tasks (Short et al., 1976).  
However, Walther (1992; 1996) has found that F2F communication does not necessarily always 
translate into greater levels of knowledge construction. As people become familiarised and 
accustomed to the manner in which CM communication works, the perceived media richness of 
CMC increases for that individual. If people begin to use CMC more frequently, they can begin 
to artificially raise the media richness and social presence of the medium by finding alternative 
ways to transfer cues, emotions, and personal focus and presence (Walther 1992; 1996). As a 
result, Walther (1992; 1996) has found that CMC can be as effective as F2F communication in 
knowledge construction, if the participants are well rehearsed in the technology of CMC. As this 
study comprised of participants who were young, and engaging in tertiary education, it can be 
understood that the majority of the participants have used computers extensively, including 
communicating with one another by virtue of computers (e.g. Facebook, MySpace etc.). 
Therefore, Walther’s (1992; 1996) findings may explain this result. In addition, Channel 
Expansion theory (Carlson & Zmud, 1999) states that group members’ past experiences with 
CMC, other group members and the topic of communication may all interact to increase media 
richness, which may well aid to explain the findings. 
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Relationship between Medium combination and Time, Contributions, Meanknow, 
Hiknow, Group post-cohesion, Satisfaction-first decision, Satisfaction-second 
decision, Satisfaction-first processes, and Satisfaction-second processes (question 
2) 
As expected from the results of question 1, Medium combination F2F only was associated with 
the highest amount of contributions whilst medium combination CMC only was associated with 
the lowest amount of contributions. Medium combination CMC followed by F2F was associated 
with the second highest amount of contributions whilst medium combination F2F then CMC was 
associated with the second lowest amount of contributions. As also expected from the results of 
question 1, Medium combination CMC only was associated with significantly more time being 
spent in completion of the tasks than the other medium combinations. However, rather than the 
F2F only medium combination being associated with the least amount of time, medium 
combination F2F followed by CMC was associated with the least amount of time being spent in 
completion of the tasks. This appears to be an advantage of this medium combination, as the 
result shows that any communication involving CMC does not necessarily mean that a lengthy 
amount of time is required in order to come to group consensus, providing evidence for the 
viability of CMC as an effective communication medium. The fact that medium combination 
F2F then CMC took the least amount of time to complete the tasks confirms the richness of this 
medium combination, and possibly even indicates that medium combination F2F then CMC 
enjoys the greatest subjective media richness (Daft & Lengel, 1986) based on this result. 
However, this cannot be concluded by this result alone, and the remainder of the Discussion 
could provide more evidence for elevated levels of subjective media richness within the F2F then 
CMC medium combination. 
With regards to knowledge construction, medium combinations CMC only and F2F then CMC 
was associated with a significantly higher average level of knowledge construction than medium 
combinations F2F only and CMC then F2F. Interestingly, Schellens and Valcke (2004) state that 
due to higher levels of media richness and social presence, F2F should result in greater levels of 
knowledge construction. However, with regards to average knowledge construction, the CMC 
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only combination produced the greatest average knowledge construction whilst the F2F only 
combination produced the second lowest knowledge construction. This result possibly confirmed 
the concerns of Kahai et al. (2007), whom stated that Media Richness theory was formulated 
prior to the expansion and widespread usage of CMC within organisations, and thus has been 
widely criticised. Both Dennis and Valacich’s (1999) Media Synchronicity Theory and Carlson 
and Zmud’s (1999) Channel Expansion Theory may provide a better explanation for these 
results. One of the propositions of Media Synchronicity Theory is when tasks involve the 
construction of new knowledge and shared meaning, as in this study, then a communication 
medium involving high immediacy and low parallelism is most effective. In viewing the 
communication patterns of the participants engaged in CMC, the participants often attempted to 
only engage in one single conversation (low parallelism) and stated that if the WebCT system 
was slightly more effective in displaying the contributions of other participants more timeously 
(high immediacy), it would have been better. In addition, the discussion on Carlson and Zmud’s  
(1999) Channel Expansion theory for question 1 may also provide a good explanation. 
Once again, a promising result for medium combination F2F then CMC resulted in that this 
combination was associated with the second highest level of average knowledge construction, 
reiterating the effectiveness of group’s first developing communication patterns, cohesion and 
relationships through F2F communication, and then maintaining it using CMC communication. 
With reference to the highest level of knowledge construction achieved within particular 
communication combinations, the results followed a pattern more representative of the majority 
of the theory with regards to Media Richness and Social Presence. Medium combination F2F 
only was associated with the highest level of knowledge construction, even though medium 
combination CMC only and F2F then CMC were not significantly different from combination 
F2F only. Medium combination F2F then CMC was associated with the second highest level of 
knowledge construction, which is another promising result with regards to the viability of that 
medium combination. However, the fact that medium combination CMC then F2F was 
associated with the lowest average knowledge construction as well as the lowest highest level of 
knowledge construction is indicative of the fact that CMC communication should only occur 
after F2F communication has already been used, and not the other way around. Connell et al. 
(2001) affirm this finding by stating that trust needs to be developed first through a rich medium 
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such as F2F communication, and then can be maintained through the usage of leaner media such 
as CMC, but not necessarily the other way around. Powell et al. (2004) also state that in order for 
group communication to be effective through the harnessing of increased group cohesion, F2F 
communication should be used prior to CMC. Thus, these findings may explain why medium 
combination F2F then CMC was holistically more effective than medium combination CMC 
then F2F. 
The pattern seemed to reverse with regards to group post-cohesion. Medium combination CMC 
then F2F possessed the greatest level of post-manipulation group cohesion whilst medium 
combinations F2F then CMC, CMC only and F2F only were lower in terms of group post-
cohesion, but not significantly different from one another. This is an interesting result, as 
according to Powell et al. (2004) cohesion is developed greater through rich media, such as F2F 
communication and cohesion should be developed first through F2F communication if it needs to 
be maintained by CMC in the long run, such as virtual teams.  
However, a possible explanation for this result is that medium combination CMC then F2F 
perhaps started with a higher level of pre-group cohesion as opposed to the other medium 
combinations. In terms of group pre-cohesion levels, the ranking in descending order was as 
follows: Medium combination CMC then F2F (2.2); Medium combination F2F only (2.2); 
Medium combination CMC only (2.19); and Medium combination F2F then CMC (2.16). 
Therefore, Medium combination CMC then F2F did possess the highest levels of group pre-
cohesion, possibly explaining why it possessed the highest levels of group post-cohesion. The 
possibility of this explanation as being true will also be discussed from the results of research 
question 8, which tests the differences between group pre-cohesion and group post-cohesion by 
virtue of medium combination, and research question 4, which investigates the effect of group 
pre-cohesion on group post-cohesion. 
All four medium combinations were significantly different in terms of satisfaction with the group 
decision made in completion of the first task. In descending order of Satisfaction were; Medium 
Combination CMC then F2F; Medium Combination F2F only; Medium Combination F2F then 
CMC; and Medium Combination CMC only. As this satisfaction was specific to the group 
decision for the first completed task, the communication medium first used will be concentrated 
upon. 
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Groups constituting medium combination CMC then F2F engaged in completing the first task by 
virtue of CMC. Therefore, the highest satisfaction with regards to group decision making was 
realised through CM communication, which is a surprising result as Zhang and Ge (2006) state 
that media which offer higher degrees of social presence result in greater satisfaction, and lean 
media such as CMC are not as effective at solving complex tasks (Short et al., 1976). Therefore, 
according to traditional Social Presence and Media Richness theory, when groups are faced with 
solving complex tasks, F2F communication should always afford more satisfaction. The results 
however displayed that CMC was the most satisfactory with regards to group decision making, 
possibly indicating that CMC had increased levels of media richness as well as social presence 
for the participants of this research. According to Polhemus et al. (2001), this may well have 
occurred as social presence has a subjective characteristic in that participants’ preferences for 
CMC, familiarity and accustomisation to CMC, and including various social aspects in the 
discussions may raise the degree of social presence experienced. 
However, it is nevertheless a promising result for the effectiveness of CMC as a satisfactory 
communication medium. Medium combinations F2F only and F2F then CMC, which engaged in 
F2F communication first, achieved lower Satisfaction-first decision, but still significantly higher 
than combination CMC only, which also engaged in CM communication first. 
With reference to Satisfaction-second decision, the ranking in descending order of satisfaction 
with respect to the decision made for the second task was as follows; Medium combination F2F 
then CMC; Medium combination CMC only; Medium combination CMC then F2F; and Medium 
combination F2F only. As this satisfaction was specific to the group decision for the second 
completed task, the communication medium used second will be concentrated upon. 
Groups constituting medium combination F2F then CMC engaged in completing the second task 
by virtue of CMC. As for the Satisfaction-first decision, the highest satisfaction with regards to 
group decision making in the second task was realised through CM communication. However, 
the pattern was even more pronounced for Satisfaction-second decision, as the second highest 
satisfaction belonged to medium combination CMC only, which also engaged in CMC 
communication for the second task. The medium combinations that engaged in F2F 
communication for the second task achieved significantly lower satisfaction than those that 
engaged in CMC. This result possibly confirming that CMC had a raised level of social presence 
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in this study as Swan (2005) states that a high social presence medium results in high satisfaction 
with the communication processes, greater levels of interaction, and greater opportunities for 
learning. 
With reference to Satisfaction-first processes, the ranking in descending order of satisfaction 
with respect to the group processes during completion of the first task was as follows; Medium 
combination F2F then CMC; Medium combination CMC then F2F; Medium combination CMC 
only; and Medium combination F2F only. As Satisfaction-first processes focuses on the group 
processes of the first task, the first medium communication will be focussed on. 
As for Satisfaction-second decision, medium combination F2F then CMC achieved the highest 
Satisfaction-first processes, and as this combination involved F2F communication for the first 
task, F2F communication achieved the highest level of satisfaction with regards to group 
processes. However, combination F2F only, achieved the lowest level of Satisfaction-first 
processes.  
The ranking in descending order was as follows with regards to Satisfaction-second processes; 
Medium combination CMC then F2F; Medium combination CMC only; Medium combination 
F2F then CMC; and Medium combination F2F only. As Satisfaction-second processes focuses 
on the group processes of the second task, the second medium communication will be focused 
on. 
A similar pattern to Satisfaction-first processes existed in that Medium combination CMC then 
F2F, which engaged in F2F communication second achieved the highest satisfaction with respect 
to group processes, but Medium combination F2F only achieved the lowest Satisfaction-second 
processes. 
In summary, the CM communication medium was always the highest with respect to satisfaction 
on the decision made by the group. The F2F communication medium was always highest with 
respect to the satisfaction with group processes and interactions. However, F2F communication 
was not always lowest with respect to the group decision and CMC was never lowest with 
respect to group processes. Thus, from the findings of Swan (2005), it can be deduced that 
despite F2F communication having objectively higher levels of social presence and media 
richness, the subjective perceptions of social presence and richness within the CMC medium 
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were higher than that which traditional theories predict, resulting in more satisfactory 
communication. The findings of Roberts et al. (2006), who found that dispersed CMC suffered 
from low levels of social presence and the lowest quality of group discussion and group work, 
was refuted in this research project. 
This result is promising for the CM communication medium as it does indicate that it is at least 
as satisfactory as F2F communication. Where F2F communication is more satisfactory with 
respect to group processes and interactions, CMC communication is more satisfactory with 
respect to the decisions made. Medium combination F2F then CMC achieved the highest 
satisfaction levels for two of the four research questions, and as this combination involves both 
F2F and CMC communication, it thus seems to be, in satisfaction terms, to be the best. However, 
it should be remembered that according to the results, even though CMC was the most 
satisfactory with regards to the decision made, F2F communication is both a more satisfying and 
easier communication medium with regards to the manner in which group members interact and 
communicate with one another. But CMC should definitely not be disregarded as a ‘last-resort’ 
communication medium. 
 
Do the two tasks differ in their level of complexity and does the complexity of the 
two tasks have a relationship with; Time, Contributions, Meanknow, and Hiknow 
(question 3)?
Task 2 (load shedding task) took significantly longer to complete than Task 1 (deserted island). 
Many participants did state after completion of both tasks that group consensus was harder to 
achieve during the completion of Task 2. Therefore, perhaps revealing that the second task 
constituted more complexity than the first task, thus requiring more time in order to adequately 
solve. Gladstein (1984) and Rice (1992) state that the more complex and unanalysable a task is, 
the greater media richness and social presence is required in order to solve it. And for medium 
communications which traditionally suffer from lowered Media Richness and Social Presence 
(such as CMC), more time is required in order to solve the same task, and it is more difficult to 
solve the task. From previous results, it was viewed that CMC did require a greater amount of 
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time to complete tasks, but this did not necessarily translate into dissatisfaction or a 
diminishment in knowledge construction.  
Despite Task 2 requiring more time for completion, the two tasks were not significantly different 
from one another in terms of the number of contributions, average knowledge construction and 
highest level of knowledge construction. Therefore, despite the apparent increased complexity of 
Task 2 over Task 1, the participants did not necessarily need to increase their contributions, 
possibly indicating instead that a greater amount of time was spent on actually thinking and 
planning their responses than in Task 1. In addition, a greater level of knowledge construction 
was not necessary in order to come to a group consensus. Gunawardena et al. (1997) found that 
increased levels of knowledge construction led to an improved performance of the group in 
making decisions. Perhaps, if the participants had increased their knowledge construction within 
the completion of Task 2, a lesser amount of time may be required to solve its increased 
complexity. 
It is however good that Task 1 and Task 2 did not differ in terms of contributions and knowledge 
construction, as the results can therefore be more attributed to the media of communication, and 
group and individual pre-cohesion, rather than the task. This assertion was also strengthened by 
the fact that each medium of communication was used equally to solve the two tasks (4 times for 
each medium of communication for each task). 
 
Relationship between Group pre-cohesion and Time, Contributions, Meanknow, 
Hiknow, Group post-cohesion, Satisfaction-first decision, Satisfaction-second 
decision, Satisfaction-first processes, and Satisfaction-second processes (question 
4) 
As it was stated in the Results, these results will be discussed in reference to both Group pre-
cohesion and Medium combination in order to make them easier to understand. From the results, 
it was apparent that both Medium combination and Group pre-cohesion had a significant 
relationship with Time. Higher levels of group cohesion prior to manipulation was associated 
with significantly more time in completion of the tasks, and this was especially true in those 
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groups with both high group pre-cohesion as well as being part of medium combination CMC 
only. Williams et al. (2006) have found that increased group cohesion leads to a greater desire to 
participate, and Cartwright (1968) and McGrath (1984) found a larger amount of quality 
interaction to be generated by highly cohesive groups. Therefore, explaining why the groups 
higher in cohesion spent more time in completion of the tasks 
However, in contradiction to the findings of Cartwright (1968) and McGrath (1984), Group pre-
cohesion did not have a significant relationship with the number of contributions generated. 
Medium combination did have a significant relationship with the number of contributions 
generated. Therefore, the medium which the group used in solving a particular task was more of 
a factor in determining the number of contributions rather than the group cohesion prior to 
manipulation. 
With regards to knowledge construction, higher levels of group pre-cohesion seemed to be 
associated with higher levels of average, and especially the highest level of knowledge 
construction. This pattern was however clearer within the relationships between Group pre-
cohesion and Hiknow rather than Meanknow. The three top Group pre-cohesion values resulted 
in the three top highest levels of knowledge construction. In addition, two of these four groups 
formed part of Medium combination F2F only. Therefore helping to explain the result why 
Medium combination F2F only resulted in the greatest highest level of knowledge construction. 
The fact that there was a clear relationship between raised Group pre-cohesion and raised highest 
level knowledge construction links well to the findings of Cartwright (1968) and McGrath 
(1984) whom state that groups greater in cohesion prior to the completion of tasks will employ 
more quality interaction, and the findings of Evans and Dion (1991) whom found that greater 
group cohesion consistently led to improved performance, including coming to a group 
consensus. 
Group pre-cohesion also had a clear impact on Group post-cohesion, as higher levels of cohesion 
prior to manipulation were associated with higher levels of cohesion after manipulation. This 
was due to the top two pre-cohesion values being associated with the top two post-cohesion 
values. Medium combination CMC only had two of the top three Group post-cohesion values, 
therefore helping to explain the result why the CMC only medium combination achieved the 
highest level of group post-cohesion.  
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Therefore, in light of this finding, and due to the positive group effects which group post-
cohesion may have (as will be dealt with in the discussion of later research questions), in 
addition to the positive effects of group pre-cohesion already discussed, it may provide impetus 
for why group cohesion needs to be developed prior to attempting to solve complex tasks, and 
this is reiterated by the findings of various researchers. Wheelan (2005) stated that high levels of 
group cohesion initiated greater cooperation. Yoo et al. (2002) stated that increased group 
cohesion enabled improved communication and collaboration  
With regards to satisfaction, a number of interesting results were found. Group pre-cohesion had 
a significant relationship with all four satisfaction questions. Although a clearly explicit pattern 
did not form for satisfaction with regards to the group decision made in the first task, two of the 
three top Group pre-cohesion values were associated with the two top Satisfaction-first decision 
values. Therefore, greater levels in group cohesion prior to manipulation were associated with 
greater levels of satisfaction with regards to the group decision made in completion of the first 
task. Shaw (1981) as well as Wheelan (2005) corresponded to this result in stating that increased 
group cohesion leads to improved satisfaction. However, the top two Satisfaction-first decision 
values also corresponded to Medium combination CMC then F2F. As stated earlier, perhaps the 
satisfaction was due more to the CM communication rather than Group pre-cohesion. By 
discussing the results of the other three satisfaction questions, this will provide more insight into 
this debate. 
Interestingly, the opposite pattern seemed to result with regards to the relationship between 
Satisfaction-second decision and Group pre-cohesion. The top three Group pre-cohesion values 
was associated with the bottom three levels of satisfaction with respect to the group decisions 
made in completion of the second task. In light of theory and previous research, this seems to be 
an odd result. There may be two reasons for this, firstly lesser Group pre-cohesion may have 
equalled lower expectations of the group’s abilities, and therefore greater satisfaction when the 
group did manage to come to consensus and make a ‘good decision’. The reason for this is that 
higher levels of group cohesion raise the expectations of its members with regards to the power 
and favourability of the group in performing well (Shaw, 1981; Wheelan, 2005). Therefore, 
group members of highly cohesive groups ‘expect’ to be satisfied by the decision made by the 
group. Groups which are less cohesive have lower expectations to be satisfied by the decision 
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made by the group. As a result, members of the group which had lower group cohesion may have 
been pleasantly surprised and content with the decision as it may have exceeded their 
expectations and perceptions of the group’s ability. Conversely, the expectations of the members 
of highly cohesive groups may well not have been met by the decision made, decreasing their 
satisfaction. 
A second explanation for this result may be that of Medium combination F2F then CMC. 
Medium combination F2F then CMC formed the majority of the groups which received the top 
two satisfaction- second decision values. Therefore, these results could be explained rather by 
the usage of the CM communication medium which was previously discussed, rather than by 
group pre-cohesion. Perhaps the satisfaction with the group decision for the second task was 
facilitated by CMC rather than lowered group cohesion. As was earlier stated, perhaps the levels 
of social presence and media richness within the CMC medium were raised by the participants of 
this research, and as raised social presence is linked to greater satisfaction (Swan, 2005), this 
may have resulted in increased satisfaction with CMC. 
A very similar pattern was observed in relation to Satisfaction-first processes. The only 
difference was that the pattern was not as clearly explicit as for Satisfaction-second decision, but 
nevertheless it did exist. Therefore, lower levels of group cohesion resulted in greater satisfaction 
with the group communication and interaction during completion of the first task. The same 
explanation as for Satisfaction-second decision still applies, except that F2F communication was 
the most satisfactory communication medium. 
For Satisfaction-second processes, no clear pattern with regards to Group pre-cohesion seemed 
to exist as both high and low levels of group pre-cohesion are present for each significantly 
different grouping of satisfaction with regards to the group communicatory processes and 
interactions during completion of the second task. However, as earlier discussed, the effect of 
Medium combination on Satisfaction-second processes gave a more explanatory and meaningful 
result, in that Medium combination CMC then F2F achieved the top two levels of Satisfaction-
second processes. Therefore, the F2F communication medium proved more satisfactory with 
regards to group processes and interactions during completion of the second task. It seems clear 
from these results that F2F communication had objectively higher levels of social presence and 
media richness, and therefore in light of Swan’s (2005) findings, it resulted in greater satisfaction 
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with respect to the group processes and interactions. However, CMC had subjectively higher 
levels of social presence supporting Walther (1992; 1996), Carlson and Zmud (1999) and Dennis 
and Valacich (1999), and therefore also resulted in satisfaction with respect to the group 
decisions. 
Therefore, it seems that with respect to the relationships between Satisfaction, Group pre-
cohesion, and Medium combination, Medium combination was the most likely main contributor 
to levels of satisfaction or dissatisfaction. Besides the relationship between Group pre-cohesion 
and satisfaction with regards to the group decision made in completion of the first task, the other 
three relationships were contradictory to previous research. Therefore, it is most likely that the 
particular medium used to solve the task (F2F or CMC) had a greater impact on satisfaction than 
did Group pre-cohesion. 
 
Relationship between Individual pre-cohesion and Individual Satisfaction-first 
decision, Individual Satisfaction-second decision, Individual Satisfaction-first 
processes, Individual Satisfaction-second processes, and Individual post-cohesion 
(question 5) 
Interestingly enough, individuals’ appraisals of group cohesion prior to manipulation had no 
significant relationship with their appraisals of Satisfaction with regards to any of the group 
decisions and processes, or with their appraisal of group cohesion post manipulation. This 
finding contradicts the results of Festinger (1950) who found that increased group cohesion 
should result in greater satisfaction, as group cohesion increases the level of attraction to the 
group members and the group processes, as well as Williams et al. (2006) who state that 
cohesive members display an affinity for one another. 
Therefore, only when all individuals’ appraisals are grouped together (as for question 4) as the 
group variable, does it have a significant impact. Therefore, strengthening the argument to 
observe relationships at the group level rather than only at the individual level, as a group is not 
merely the sum of its individual parts, but an essentially different entity. “A group is a living 
entity that transcends and cannot be explained by individual experience” (Wheelan, 2005, p. 1). 
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In addition, with regards to the debate of the effects of both Medium combination and Group 
pre-cohesion, it was sometimes unclear which independent variable provided a better explanation 
of the results. It was essentially decided with reference to satisfaction, that medium combination 
provided a more meaningful explanation of the results. The results of this research question 
strengthen that argument further in that Individual pre-cohesion had no significant impact on 
satisfaction. However, with regards to the relationship between pre-cohesion and post-cohesion, 
even though the relationship at the individual level was not significant, it was significant at the 
group level, and as the focus of this research is at the group level, it can be safely concluded that 
cohesion prior to manipulation does have a significant impact on cohesion post manipulation. 
 
Relationships between Time, Contributions, Meanknow, Hiknow, Group post-
cohesion, Satisfaction-first decision, Satisfaction-second decision, Satisfaction-first 
processes, and Satisfaction-second processes (question 6) 
Some promising results for the CMC medium arose from this research question. A lesser number 
of contributions were associated with a greater average level of knowledge construction, and a 
lesser amount of time was associated with a greater highest level of knowledge construction. 
Although this result may be contradictory to Gunawardena et al. (1997), who state that a higher 
number of interactions should be associated with higher levels of knowledge construction, the 
implications for CMC are promising. As was discovered in previous research questions, the CM 
medium was associated with significantly fewer contributions in completion of the tasks, but was 
no less effective in terms of knowledge construction and satisfaction. In fact, the results of this 
research question, may suggest that more efficient knowledge construction was associated with a 
fewer number of contributions. The F2F medium was associated with significantly less time 
being spent in completion of the tasks, and therefore associated with a greater highest level of 
knowledge construction. CMC was associated with a greater average level of knowledge 
construction whilst F2F communication was associated with a greater highest level of knowledge 
construction. Therefore, knowledge can be constructed effectively within both F2F 
communication and CMC, and F2F communication does not necessarily enjoy a distinct 
advantage. This result refuted the findings of Polhemus (2001) who stated that due to the higher 
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levels of quality interaction afforded by F2F communication, greater levels of knowledge 
construction should be created in this medium as compared to CMC. According to Wang (2001), 
the fact that knowledge construction occurred as effectively within CMC as F2F communication 
contributes most vitally to the argument that CMC can be an effective medium for the creation of 
knowledge. It is vitally important that CMC was able to construct knowledge effectively, as the 
creation and sharing of new knowledge is particularly vital to the current society of workers and 
scholars (Saritas, 2006). In support of these results, Huntley and Thatcher (2008) found that 
relatively high levels of knowledge construction can exist within CMC. 
Greater average knowledge construction was associated with greater highest level of knowledge 
construction. This result can be expected as according to Gunawardena et al. (1997), knowledge 
is co-created, and therefore the individual contributions form the ‘building-blocks’ of the 
discussion, and greater quality individual contributions form a quality pattern of interaction, 
which raises the highest level of knowledge construction. 
Greater Group post-cohesion was associated with greater highest level of knowledge 
construction. Even though this was a relatively weak relationship, it was significant nonetheless. 
A result such as this can be expected as high group cohesion facilitates more quality interaction 
(Cartwright, 1968), more interest and participation in the group’s processes (McGrath, 1984), 
and greater efficiency of the group processes (Shaw, 1981). Generally, higher group cohesion is 
linked to improved performance (Evans & Dion, 1991). Therefore, groups which develop greater 
group cohesion may benefit from increased performance in the form of more effective 
knowledge construction. Further, as greater Group pre-cohesion was associated with greater 
Group post-cohesion, care should be taken to ensure not only that group cohesion is developed 
through the performance of the groups’ tasks, but that group cohesion is developed prior to 
performance on the groups’ tasks. 
Greater levels of satisfaction with respect to the decisions made in the second task were 
associated with greater levels of satisfaction with respect to the group communicatory processes 
and interactions during completion of the first task. Greater levels of satisfaction with respect to 
the group decisions made in completion of the first task, as well as satisfaction with the group 
communicatory processes and interactions during completion of the first task were associated 
with greater satisfaction for the group communicatory processes and interactions during 
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completion of the second task. Even though, the other relationships between the various 
satisfaction questions did not reach significance, all relationships besides the relationship 
between satisfaction for the decisions made in the first as opposed to the second task were 
positive (Satisfaction-first decision vs Satisfaction-second decision). The negative, but non-
significant relationship between Satisfaction-first decision and Satisfaction-second decision only 
meant that satisfaction with respect to the decisions made in completion of the first task does not 
necessarily mean that satisfaction will result in the group decision made in completion of the 
second task. 
However, in viewing the whole pattern with regards to satisfaction, it seems that satisfaction with 
respect to group decisions would extrapolate into satisfaction with respect to the group processes, 
and vice-versa. In addition, the satisfaction with respect to the decision made in one task would 
often be associated with satisfaction in the processes and/or decision in the other task. Therefore, 
it seems that satisfaction was not only specific, but also rather general in that satisfaction in one 
aspect of the completion of the tasks was often associated with satisfaction in many other 
aspects.  
A greater number of contributions were associated with greater satisfaction with respect to the 
decisions made in completion of the first task, but not associated with greater satisfaction in any 
other of the group decisions and processes. Johns and Saks (2005) state that it can be understood 
why a greater number of contributions may be associated with greater satisfaction with respect to 
the decision made. Individuals value the opportunity to actively participate in a group’s decision 
making, and are generally more satisfied if they feel that their contributions have impacted upon 
the group’s decision making (Johns & Saks, 2005). Therefore, an increased number of 
contributions may indicate increased participation, therefore being associated with increased 
satisfaction. In addition, Chalfonte (1991) stated that an increased number of contributions 
within a specific time frame is associated with improved interactivity, and quickness of 
feedback, which raises satisfaction. According to theory however, the number of contributions 
should have been associated with all four aspects of satisfaction rather than only one. A possible 
explanation is that after group members had been satisfied by adequate opportunity to participate 
in the first task’s decisionary outcomes, they did not necessarily feel the need to be actively 
satisfied through their participation in the remaining processes. 
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Relationships between the four satisfaction questions and group cohesion post 
manipulation at the individual level (question 7) 
The relationships between the four satisfaction questions and group cohesion corresponded more 
closely to theory and previous research than did the similar relationships of question 6. Even 
though the only significant relationship in terms of the relationships between the four satisfaction 
questions was satisfaction with respect to the decision made for the second task and satisfaction 
with the group processes of the second task, all other relationships were positive, albeit weak. 
Therefore, individuals’ appraisals of satisfaction would be at a rather general level, and 
satisfaction with one aspect of the manipulation would generally ‘spill-over’ into satisfaction 
with all other aspects of the manipulation. Wheelan (2005) states that once the members of the 
group become an ‘in-group’ and become even mildly satisfied with particular aspects of the 
group’s status or functioning, satisfaction with other aspects of the group is then easier 
developed. 
Individuals’ appraisals of group cohesion post-manipulation were positively associated with all 
satisfaction questions, and significantly associated with  three satisfaction questions (Individual 
Satisfaction-first decision, first-processes and second-processes). Therefore, greater levels of 
post manipulation group cohesion according to group members were associated with their 
increased satisfaction on all group decisions, communicatory processes and interactions. Due to 
the nature of these relationships as correlational, one cannot be sure whether increased 
satisfaction led to greater perceptions of cohesion, or whether greater perceptions of cohesion led 
to increased satisfaction. The very nature of group cohesion is based on the attraction of group 
members to remain in the group (Festinger, 1950), and when members feel ‘bonded’ to one 
another (Man & Lam, 2003). From this, it can be understood that increased satisfaction will most 
likely increase member’s affinity for one another as competent group members, therefore 
increasing the attraction of the group and group cohesion. In addition, the increasing bond 
between members of the group may satisfy their needs for belongingness and social competence, 
thereby increasing satisfaction (Johns & Saks, 2005).  
Establishing some kind of causal relationship was not the purpose of this research, but it should 
be realised rather that increased satisfaction and increased group cohesion share a positive 
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relationship with one another. By increasing the potential satisfaction with group decisions and 
processes, it is likely that the group can benefit from increased group cohesion. Groups which 
enjoy increased cohesion may likely benefit from increased satisfaction with the group processes 
and decisions. 
 
Differences between group cohesion pre-manipulation and group cohesion post-
manipulation by virtue of medium combination (question 8) 
Of all four medium combinations, only one achieved a significantly higher level of post-cohesion 
as opposed to pre-cohesion. That was medium combination F2F then CMC. The other three 
medium combinations either achieved lower or significantly lower levels of post-cohesion in 
comparison to pre-cohesion. This latter result is contradictory to Man and Lam (2003) who state 
that greater group cohesion is developed through the completion of complex tasks requiring great 
interaction, coordination and interdependence amongst team members. As the groups in this 
research completed two complex tasks, group cohesion should have been developed rather than 
diminished. Although CMC has the ability to develop group cohesion as it enables 
communication, collaboration, and cooperation amongst members of a virtual group (Yoo et al., 
2002), F2F communication is traditionally richer than CMC, and should therefore afford the 
opportunity to develop greater levels of group cohesion (Kahai et al., 2007; Powell et al., 2004; 
Salisbury et al., 2006). It would have therefore been expected that the F2F only medium 
combination should have been the medium combination to develop the greatest amount of group 
cohesion whilst the CMC only should have developed the least amount of group cohesion. 
However, the F2F only combination achieved the significantly lowest level of group cohesion 
post-manipulation. This contradictory result may be explained by the work of Kahai et al. (2007) 
who found that many other factors of groups, including the task at hand, member diversity, 
knowledge of one another, and the quality of interactions impact upon group cohesion, despite 
the medium being employed. Therefore, even though the F2F only medium combination may 
have been objectively richer, many other factors may have stunted the development of group 
cohesion. 
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However, medium combination F2F then CMC, in addition to achieving; the least time in 
completion of the tasks; second most effective medium for knowledge construction in both 
average knowledge construction as well as highest level knowledge construction; and greatest 
satisfaction with respect to group processes of the first task and decision made in completion of 
the second task, also achieved a significantly higher level of post-manipulation group cohesion. 
Therefore, medium combination F2F then CMC, which involved F2F communication to 
complete the first task, and CM communication to solve the second task, was arguably the best 
medium combination in this research. Further, research has stated that this medium combination 
should be a very effective combination. Powell et al. (2004) and Connell et al. (2001) state that 
F2F communication should be used prior to CMC. F2F communication first develops trust, 
common understandings, group norms and physical acquaintance of group members with one 
another, and then CMC maintains the relationships, trust and cohesion already formed by the 
initial F2F communication. As a result of the best performance of this medium combination, it 
can be understood why this combination developed group cohesion rather than diminishing it as 
in all other medium combinations. 
As Medium combination F2F only did not achieve greater levels of knowledge construction and 
satisfaction as opposed to medium combination F2F then CMC, it can be understood why it did 
not achieve higher levels of group cohesion post-manipulation. In fact, medium combination F2F 
only was the only medium combination to achieve significantly lower levels of group cohesion 
post-manipulation in comparison to group cohesion pre-manipulation.  
Therefore, F2F communication is not necessarily more effective than CMC in developing group 
cohesion. The correct combination of F2F communication followed up by CM communication, 
resulted in the greatest group cohesion, whilst the F2F only combination resulted in a significant 
diminishment in group cohesion. This result confirms that CMC did enjoy subjectively higher 
levels of social presence and media richness than traditional theories would suggest, and due to 
this, was able to effectively develop group cohesion, and in the right combination, even more 
than F2F only communication. 
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Summary of practical and theoretical implications 
Although CMC had lower levels of immediacy of feedback and interactivity, thereby producing 
significantly less contributions and taking a longer time to complete the assigned tasks, there was 
no significant difference between the two mediums in terms of knowledge construction, and 
therefore their ability to solve complex tasks. Therefore, F2F communication does not 
necessarily always translate into greater levels of knowledge construction. As people become 
more familiarised and accustomed to the manner in which CM communication works, the 
perceived media richness of CMC increases. F2F communication had a greater ability for higher 
levels of knowledge construction, whilst CMC has a greater ability for greater average levels of 
knowledge construction. 
Group cohesion pre-manipulation did not have a clear effect on satisfaction with group decisions, 
communicatory processes and interactions. Therefore, the medium combination was the most 
likely main contributor to levels of satisfaction and dissatisfaction. CMC results in the greatest 
satisfaction with respect to the decisions made by the group, whilst F2F communication results 
in the greatest satisfaction with respect to the group communicatory processes and interactions. 
The resulting satisfaction with respect to CMC may well be attributed to higher perceptions of 
social presence and media richness than that which is predicted by traditional theories. 
Therefore, particularly for virtual teams which are well acquainted with one another as well as 
the communication medium, CMC may prove to be a satisfactory communication mechanism. 
A higher level of group cohesion prior to manipulation resulted in significantly more time being 
spent in completion of the tasks. Thus, if tasks are complex, and require accurate planning and 
careful deliberation, a group which is highly cohesive beforehand may enhance the group’s 
performance. Alternatively, if the task is simple, the high cohesion may serve as a distracting 
factor, and group members may get caught up in off-the-topic discussion, leading to a greater 
amount of time to solve the task. 
Bearing in mind that increased group cohesion prior to manipulation led to increased group 
cohesion after manipulation, and that higher group cohesion prior to manipulation resulted in 
higher levels of knowledge construction, care should be taken to develop group cohesion before 
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the completion of the assigned tasks so as to ensure better performance of the group during the 
completion of tasks. 
Increased satisfaction and increased group cohesion share a positive relationship with one 
another. By increasing the potential satisfaction with group decisions and processes, it is likely 
that the group can benefit from increased group cohesion. Groups which enjoy increased 
cohesion may likely benefit from increased satisfaction with the group processes and decisions. 
In accordance with previous research, a medium combination of F2F for initial contact and 
completion of the first group task, and then the usage of CMC for completion of subsequent 
tasks was the best medium combination within this research. This medium combination resulted 
in; the least time in completion of the tasks; second most effective medium for knowledge 
construction in both average knowledge construction as well as the highest level of knowledge 
construction; and greatest satisfaction with respect to group processes of the first task and 
decision made in completion of the second task. In addition, this was the only medium 
combination to achieve a significantly higher level of post-manipulation group cohesion. 
In summary, F2F communication is not necessarily more effective than CMC in knowledge 
construction, satisfaction and the development of group cohesion. The correct combination of 
F2F communication followed by CMC proved to be the best medium combination in terms of 
performance and group cohesion. Due to the nature of the sample, CMC did realise greater levels 
of social presence and media richness than that which the traditional theories predict, which 
could be a primary reason for the overall effectiveness of CMC within this project. 
In terms of theoretical implications, the concerns of a number of researchers including Kahai et 
al. (2007) and Walther (1992; 1994; 1996) were emphasised in this research. Media Richness 
theory and Social Presence theory were developed prior to the widespread usage of various 
methods and techniques of CMC. As CMC becomes a more popular mode of communication, 
especially amongst younger generations, the richness and presence experienced through CMC 
increases (Walther, 1996). This has resulted in a need for newer, more inclusive theories which 
may take this familiarisation with new technology into account. Channel Expansion theory 
(Carlson & Zmud, 1999) as well as Media Synchronicity theory (Dennis & Valacich, 1999) are 
examples of more modern theoretical approaches, which acknowledge that CMC has the ability 
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to have as much, if not greater, levels of subjective richness and social presence as opposed to 
F2F communication.  
More specifically, Channel Expansion theory claims that the participants experiences with each 
other and the communication medium, as well as familiarity with the topics, can interact to raise 
the degree of richness and presence experienced (Carlson & Zmud, 1999). This claim was 
supported in this research, as the participants’ familiarity with one another as well as with CMC, 
and possibly even the familiarity of the topics (i.e. load shedding), possibly led to improved 
richness of  CMC in this research, explaining some of the results. Looking specifically at Media 
Synchronicity theory, when the task involves the construction of new knowledge and shared 
meaning, then the communication medium requires high immediacy and low parallelism (Dennis 
& Valacich, 1999). The participants often attempted to use the CMC system in this research, 
according to this proposition by purposefully engaging in one conversation at a time and 
encouraging one another to respond as quickly as possible. Therefore, these two relatively 
modern theories provided good explanation for many of the results in this research. 
 
Limitations and Directions for future research 
Due to the practical difficulties of specifically formed groups and difficulties in getting groups of 
five people together on more than one occasion in the same location at the same time, it was 
decided that one set of manipulations would be most suitable. As a result, only one manipulation 
was used in this study, and may therefore not have provided sufficient time for group cohesion to 
develop significantly. Even though practically very difficult, it would be recommended for future 
research to attempt to provide a varied amount of manipulations in order to view the effect on 
group cohesion more precisely. 
It was the aim of this research to use a student sample to view the implications of F2F 
communication and CMC so as to provide organisations with an idea of how viable it will be to 
use both media of communication in the future. An implication of this is that this younger 
generation may have had more opportunity than older generations to engage in CMC, with 
computers and online social networking tools possibly playing a more active role in their 
development (e.g. Facebook, MySpace etc.). Therefore, although the sample was intentional, the 
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results may not generalise to the current working generation, and therefore future research could 
attempt to replicate this study using already formed work teams. In addition, the sample was 
unintentionally predominated by female students, most probably due to the demographics of the 
Psychology course, which is female dominated. Therefore, future research could attempt to 
balance male and female participants in order to see the potential implications thereof. 
Typing speed may have affected the number of contributions significantly within the CM 
communication medium, with some participants being more adversely affected than others in the 
case of a slow typing speed. Therefore, as Zhang and Ge (2006) have recommended, in order for 
CMC to become more effective as a communication medium, especially in the case of time 
limits, all individuals participating in CMC should have the opportunity for typing skill 
development. 
A social presence measure was not used in this research due to the researcher’s concerns with the 
current tools. The ‘Networked Minds’ measure (Biocca & Harms, 2002) is still undergoing 
validation, and although promising, was not yet available for this research. An accurate tool 
which may have gauged social presence more directly may have provided important insight into 
whether or not CMC did enjoy greater social presence than traditional theories have predicted. 
Future research may consider the usage of an accurate social presence measure, such as the 
‘Networked Minds’ measure. 
Future research could attempt to investigate the effects of different media of communication, 
such as videoconferencing, on the development of group cohesion, satisfaction and knowledge 
construction. Thereby possibly beginning to build a model by which the implications of various 
media of communication on knowledge construction, group cohesion, satisfaction and even 
social presence can be developed. 
Both tasks were tailored to be complex and unanalysable in this research, even though task 2 
proved to be slightly more complex according to the participants. Future research could attempt 
to provide one simple task and one complex task to see if more differences in communication, 
knowledge construction, group cohesion, and satisfaction would arise if the complexity of the 
tasks differed considerably. The satisfaction form in this research did not directly assess 
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satisfaction with the tasks themselves, only the decision made and group processes, therefore 
future research could assess task satisfaction more directly. 
The groups participating in this research project were pre-formed groups, therefore ensuring that 
some trust, familiarity and cohesion had already been formed. Future research could therefore 
investigate whether groups meeting for the first time would obtain similar or very different 
results to this research project. For example, in this research project, in most of the groups, 
cohesion dropped after completion of the tasks, but perhaps in groups meeting for the first time, 
due to hypothesised low levels of cohesion prior to task completion, cohesion would 
significantly increase after completion of complex tasks. 
The Gunawardena et al. (1997) IAM was formulated to analyse knowledge construction within 
CMC, but this research project proved that the IAM is also a useful tool in the analysis of 
knowledge construction within F2F communication. Therefore, future research may also use the 
IAM to analyses F2F communication.  
The findings of this research went some way in confirming both Media Synchronicity theory as 
well as Channel Expansion theory, which have not been researched as well as traditional Media 
Richness theory. Both of these more recent theories provided a more accurate account of the 
findings in this research project, and future research should therefore attempt to investigate their 
premises further. 
 
Conclusion 
This study found that even though CMC was associated with greater levels of average 
knowledge construction, F2F was associated with greater levels of highest knowledge 
construction. It is therefore felt that the quality of interaction in both media provides the 
opportunity for complex tasks to be solved in either medium. Group cohesion had an important 
effect on satisfaction and knowledge construction in both F2F communication and CMC, and 
therefore, despite the medium of communication, group cohesion should be developed prior to 
the completion of group tasks, preferably first through F2F communication and then maintained 
through CMC.  

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Media Synchronicity theory as well as Channel Expansion theory provided a more accurate 
account of the findings of this research than did traditional Media richness and Social presence 
theory, and should therefore be further investigated and tested. Due to a greater usage of CMC 
and other computer-based communication tools (such as Facebook, MySpace, blogging 
websites), CMC is no longer an undesirable communication medium. This advancement is 
acknowledged by recent theories such as Channel Expansion theory and Media Synchronicity 
theory 
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1) Participant information sheet 
2) Informed consent form for audio recording 
3) Informed consent form for video recording 
4) Informed consent form for textual recording 
5) Demographic sheet 
6) Complex tasks 
7) Satisfaction form 
8) Group Attitude Scale (Evans & Jarvis, 1986) 
9) Interaction Analysis Model (IAM) (Gunawardena et al., 1997) 
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